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0.  Abstract  (Continued) 


I — ^Assumptions  uad  problems  In  contemporary  balloon  design  are  discussed, 
and  design  and  analysts  procedures  based  on  the  loads  and  geometry  at  the  time 
of  launch  are  developed.  Dynamic  launch  shock  Is  proposed  as  a  criterion  for 
shell  thickness,  and  a  model  of  polyethylene  film  modulus  Is  developed  to 
account  for  strain  rate  and  stress  and  strain  relaxation  at  a  launch  temperature 
of  23^6. 

Computer  codes  have  been  written  for  the  processes  of  balloon  selection 
and  balloon  design  to  meet  mission  requirements.  They  are  Intended  to  be  a 
basis  for  more  efficient.  Interactive  mission  planning. 

Finally,  Improvements  to  the  balloon  design  process  are  proposed  and 
discussed.^- — 
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Preface 

Successful  balloon  operations  start  with  the  definition  of  essential  and 
realistic  balloon  flight  requirements.  Project  scientists  and  program  directors 
do  not  have  to  be  conversant  with  the  details  of  ballooning  from  either  the 
design  or  operational  perspectives,  but  they  do  have  both  a  legitimate  need  and 
an  obligation  to  understand  the  Impact  of  their  mission  requirements  on  the 
selection,  design,  and  performance  of  the  balloons  for  their  programs.  In 
addition,  they  should  be  aware  of  the  standards,  processes,  and  historical 
perspectives  that  enter  Into  the  choice  of  the  balloon  to  which  they  will 
eventually  entrust  their  payload. 

Because  of  the  structural  design  of  the  balloon,  the  characteristics  of  Its 
materials,  and  the  nature  of  Its  use  environment,  performance  and  design  are 
best  examined  statistically.  Accordingly,  and  because  the  greater  the  variety 
of  designs  and  experiences  that  are  available  to  the  designer,  the  better  will 
be  his  understanding  of  and  confidence  In  the  decisions  that  he  must  make,  a 
significant  design  and  performance  data  base  is  Included. 

It  Is  hoped  that  this  report  will  serve  as  an  Inlttal  ground  upon  which 
users  and  designer  can  meet  In  productive  Interaction.  If  such  becomes  the 
case,  It  will  in  no  small  part  have  been  made  possible  by  Mr  Jean  R.  Nelson, 
Vice  President  of  Engineering,  Wlnzen  International,  Incorporated,  who  made 
available  much  of  the  balloon  design  data  and  most  of  the  performance  data  base 
for  the  larger  balloons.  Finally,  Mrs.  Catherine  L,  Rice  deserves  considerable 
credit  for  her  technical  suggestion  and  assistance  in  the  effective  organization 
of  the  material. 
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Polyethylene  Free  Balloon  Design 
From  the  Perspectives  of  User  and  Designer 


1.  {INTRODUCTION 

Structurally  the  balloon  (see  Figure  1)  is  not  a  complicated  device;  for  the 
most  part  it  consists  of  panels  (gores)  and  ribbons  (load  tapes)  welded  (heat 
sealed)  together  and  clamped  together  at  the  apex  and  nadir  ends  of  its  vertical 
axis.  The  shapes,  as  constructed,  are  nearly  axially  symmetric,  and  each  shape 
resembles  a  classical  spinning  top. 

Performaucewise,  however,  the  balloon  is  an  extremely  complex  thermody¬ 
namic  machine.  This  is  true  not  only  with  respect  to  its  vertical  motions,  but 
also  with  respect  to  the  distribution  and  dissipation  of  forces  within  its  load 
bearing  structural  membranes  and  tape  reinforcements;  this  is  the  case  because 
the  membranes  are  almost  universally  a  high  quality  polyethylene,  a  strongly 
non-linear  viscoelastic  polymeric  material. 

It  Is  not  imp  -*ant  for  the  user  to  understand  these  latter  aspects  on  an 
esoteric  level,  However,  with  respect  to  the  desired  degree  of  conservatism 
and  level  of  confidence,  both  the  user  a.'j  designer  should  be  aware  of  the  major 
assumptions  and  limitations  underlying  the  design  and  the  statistics  of  tested 
designs  viewed  uniformly  from  the  same  perspectives. 


(Received  for  publication  9  November  1982) 


9 


CD 


Figure  1,  Conventional  Modern  Plastic  Balloon.  Com¬ 
ponents  consist  of:  1)  Inflation  or  fill  tube,  2)  apex 
fitting,  3)  strobe  light,  4)  electric  valve,  5)  destruct 
button  at  apex  of  rip  panel  "V"  tapes  (two  of  these  are 
usual  and  they  are  activated  by  a  line  that  passes  from 
the  payload  -parachute  up  through  the  balloon  and  Is  se¬ 
cured  to  them),  6)  gore  panel  (usually  about  lou  in, 
wide  at  balloon's  maximum  diameter),  7)  load  tapes, 

8)  pressure  relief  duct,  and  fi)  base  end  fitting  with  load 
ring  for  payload  suspension.  Very  thin  film  balloons 
and  heavy  load  balloons  frequently  have  multiple  wall 
construction  In  the  crown  region.  These  multiple  layers 
are  called  capB.  The  hatched  area  shows  a  typical  cap 
panel 


Balloon  designs  are  not  originated  on  anything  like  a  dally  basis,  but  In 
forecasting,  system  planning,  operations,  and  post -operational  analyses.,  ques¬ 
tions  relative  to  balloon  capability  arise  on  an  almost  dally  basis.  Answers  to 
these  questions  involve  (some  to  a  greater  extent  them  others)  a  knowledge  and 
understanding  of  the  criteria  and  processes  used  In  establishing  the  operational 
limits  for  existing  or  potential  designs. 

Considerable  attention  to  the  user's  mission  requirements  is  necessai/,  both 
to  impress  upon  the  user  the  need  to  assess  the  Impact  of  his  decisions  concerning 
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payload  design  on  the  ultimate  balloon  design  decision,  and  to  serve  as  a  bridge 
In  discussions  between  user  and  destgner. 

The  literature  lacks  an  Integrated  compendious  treatment  of  design  proce¬ 
dures,  criteria,  and  actual  performance  data  suited  for  Independent  use  by  both 
the  user  and  designer.  The  research  results  presented  herein  are  Intended  bb  a 
first  step  in  satisfying  the  need  for  a  common  reference  to  produce  productive 
Interaction  between  the  two  during  the  often  critical  phase  of  balloon  payload 
conceptual  design. 

The  analyses  and  criteria  developed  herein  are  not  the  ultimate  answers. 
They  are  based  on  admittedly  Incomplete  understanding  of  the  materials  and 
somewhat  oversimplified  methods  of  load  distribution  within  the  balloon  load 
bearing  structure.  However,  they  are  comparable  with  other  present  efforts, 
are  more  revealing  than  most,  and  are  consistent  with  previously  postulated 
causes  of  ascent  failure  and  recent  Inflight  measurements. 


2.  BALLOON  MISSION  REQUIREMENTS 
2.1  Central 

Although  use  of  the  term  "requirement"  Is  customary,  It  can  convey  an 
undeserved  priority.  In  practice,  requirements  range  from  1)  essential,  through 
2)  if  possible,  to  3)  desirable  if  practical.  Also,  In  practice  It  has  been  found 
that  some  user  requirements  gravitate  to  the  bottom  of  the  described  scale  as 
critical  timetables  and  operational  windows  exert  their  psychological  pressures. 

In  this  regard,  pr  e-definition  of  mission  success  In  terms  of  realistic  require¬ 
ments  can  and  should  be  made  in  the  low  pressure  mission-planning  phase,  rather 
than  In  the  most  often  highly  stressful  balloon  night  operations  environment. 

Cost  and  the  probability  of  mission  success  should,  accordingly,  be  Improved. 
NASA,  In  their  heavyload  balloon  program  critique,  took  due  note  of  the  advan¬ 
tages  of  such  a  strategy.  * 

User  requ* cement  =)  can  be  met  In  three  ways:  1)  use  of  a  balloon  from  an 
existing  inventory;  2)  purchase  of  a  balloon  U3tng  existing  specifications  for  a 
proven  design;  and  3)  purchase  of  a  balloon  using  a  new  set  of  specifications 
developed  specifically  to  nmet  the  mission  requirements.  Ideally,  the  latter 
option  might  appear  to  be  optimum.  However,  the  demonstrated  reliability  of 
existing  designs,  time,  cost,  priority,  and  other  mission  constraints  are  also 


1.  Cuddlhy,  W.F. ,  et.  al.  (1979)  A  review  of  heavy  lift  balloon  failures.  Pro  - 
ceedings.  Tenth  AFGL  Scientific  Balloon  Symposium.  Catherine  I...  Rice. 

Ed.,  ArbL-TB -?9-0tf5 57 £0741397 


11 


•V  '  ■ 


factors  that  Frequently  affect  the  choice  of  an  option.  All  other  factors  notwith¬ 
standing,  adequacy  with  respect  to  meeting  the  essential  mission  requirements 
Is  the  overriding  factor. 

The  adequacy  of  a  specific  balloon  for  a  proposed  mission  Is  determined  by 
Its  potential  ability  to  carry  the  mission  payload  in  the  prescribed  space-time 
profile,  without  adversely  affecting  the  functions  of  the  user's  payload.  This 
latter  aspect  of  adequacy  Is  not  reflected  In  the  balloon  design  unless  It  affects 
launch-related  design  features  or  necessitates  added  payload  capacity  for  mechan¬ 
ical  or  thermal  isolation  of  the  payload.  Other  aspects  of  adequacy  are  express- 
able  as  requirements  and  can  be  translated  by  the  balloon  designer  Into  balloon 
size-,  shape,  structural  materials  and  reinforcements,  and,  to  a  greater  or 
lesser  degree,  construction  features  related  to  the  launch  method. 

In  an  Idealized  case,  the  mission  payload  could  be  treated  as  "cargo"  and 
the  balloon  system  could  be  treated  as  a  "carrier"  consisting  of  the  balloon 
proper,  Figure  1,  and  Its  essential  payload  subsystems,  Figure  2.  In  practice, 
however,  such  isolation  rarely  exists.  Interfacing  ranges  from  simply  providing 
(in  the  carrier  payload  subsystems)  command-activated  circuit  closures  to  full 
electro-mechanical  integration  of  the  mission  and  carrier  payloads,  exemplified 
in  Figure  3.  In  general,  regardless  of  the  degree  of  isolation,  the  necessary 
rigging,  mission  payload,  and  carrier  payload  subsystems  can  be  eo-conflgured 
and  the  combined  weight  estimated  independently  of  the  balloon.  Thus,  there  is 
no  loss  In  generality  in  assuming  a  fully  Integrated  payload.  It  is  Important  to 
note  that  the  payload  recovery  subsystem,  normally  a  parachute,  is,  at  this 
point,  excluded  from  the  carrier  payload  subsystem  because  the  recovery  para¬ 
chute  subsystem  must  be  sized  to  accommodate  the  total  suspended  payload, 
including  ballast.  See  Appendix  B. 

Most  Important  but  frequently  overlooked  In  early  planning,  Is  the  relative 
uniqueness  of  the  mission  payload  and/or  the  lack  of  balloon  experience  within 
mission  management.  These  factors  create  a  tendency  for  mission  planners  to 
underestimate  the  final  payload  weight.  The  balloon  system  designer  is  thus  well 
advised  to  Include  a  factor  to  accommodate  such  growth  and  its  effect  on  total 
payload  weight.  When  appropriate,  design  experience  should  be  used,  but  for 
general  purposes  a  growth  allowance  factor  of  10  percent  is  ured, 

2.2  Flight  Profile  Comiderationi 

The  space-time  mission  profile  of  a  zero-pressure  free  balloon  system, 
beyond  attainment  of  the  initial  ceiling  altitude,  is  normally  achieved  by 
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Figure  3.  An  Electro-Mechanl- 
cally  Integrated  Payload.  Shock- 
abaorblng  suspension  frame  la 
designed  to  provide  mountings 
for  the  integrated  experiment  and 
carrier  functions.  The  gondola, 
about  7  ft  in  diameter  is  Bhown 
suspended  from  the  boom  of  the 
launch  vehicle,  a  60-ton  crane 


sunset  ballast  weight.  Mission  profile  is  thus  translated  into  added  system 
weight  (ballast)  according  to  the  following: 


Ws  * 


■i  +  tt  a  -  ^r1 

i=i 


(Wp  +  Wb) 


(1) 


where 

Ws 

is  the  ballast  weight 

w; 

Is  the  irreducible  payload  weight 

wb 

Is  the  balloon  weight 

di 

iL 

is  the  lw  fractional  ballast  drop 

Assignment  of  a  value  to  each  d^  is  dependent,  for  the  most  part,  on  experience 
and  statistical  evidence,  colored  by  the  degree  of  conservatism  of  the  mission 
planner. 
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TIME(no  scale) 

Figure  4.  Typical  Multilevel  Flight  Profile  For  a  Zero-Pres¬ 
sure  Free  Balloon  System.  Symbols:  V  denotes  valving  through 
apex  valve;  R  denotes  the  conclusion  of  the  period  of  venting  of 
excess  lifting  gas  through  the  overpressure  relief  ducts;  D  de¬ 
notes  deballasting.  For  simplicity  the  very  slow  protracted 
descent  following  solar  noon  (but  prior  to  sunset  on  the  balloon) 
Is  not  shown 


Equation  (1)  expresses  only  the  Interdependence  of  the  principal  system 
weights,  the  balloon  weight,  the  ballast  weight,  and  the  combined  instrumentation 
and  parachute  weights.  It  does  not  address  compatsbility  between  the  parachute 
weight.  Implicit  in  Wp  .  and  the  required  parachute  Blze  and  strength. 

If  a  m  .salon  requires  a  large  amount  of  ballast,  the  parachute  size  required 
to  support  the  Initial  flight  payload  in  an  emergency  flight  termination  might 
exceed  by  far  the  parachute  size  required  by  the  deballasted  system.  In  such 
cases,  dead  weight  ballast  to  ensure  parachute  stability  and  to  minimize  drift 
may  be  desirable.  This  need  also  arises  from  the  availability  of  only  discrete 
parachute  sizes. 

Figure  4  omits  an  essential  reference  in  the  space-time  mission  profile 
example;  this  ic  the  reference  to  the  initial  space-time  launch  coordinates: 
geographical  location,  time  of  year,  and  time  of  day.  These  factors,  except  for 
time  of  day,  influence  both  the  size  of  the  balloon  and  the  statistical  ballast  needs 
with  respect  to  flight  duration.  Time  of  day  has  a  definite  effect  on  ascent  per¬ 
formance  and  could,  thereby,  place  added  ballast  demands  on  the  system.  In 
addition,  all  of  these  factors  influence  the  balloon  structural  design. 
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2.3  EaUbluhing  Mituon  Requirement* 

Users  are  familiar  with  the  problems  and  limitations  relative  to  the  design 
of  their  own  payload  subsystems,  but  often  lack  a  healthy  appreciation  of  related 
balloon  system  problems.  Aside  from  the  sometimes  complex  electromechanical 
and  electromagnetic  interface  problems,  the  most  prevalent  problem  associated 
with  present  high  altitude  systems  is  runaway  final  payload  weight  with  its  con¬ 
sequent  increased  balloon  size  requirement.  This  is  sometimes  quite  serious  - 
balloons  with  volumes  in  the  tens  of  millions  of  cubic  feet  are  most  often  fabri¬ 
cated  from  thin  polyethylene  film  and  appear  to  have  a  greater  number  of  failure 
modes  than  do  smaller  balloons  made  from  thicker  films. 

The  inter-relationship  of  mission  requirements  and  balloon  system  design, 
and  an  Interactive  procedure  to  establish  realistic  and  acceptable  mission  require¬ 
ments  are  described  schematically  in  Figure  5.  The  successful  and  efficient 
functioning  of  this  planning  procedure  depends  In  great  measure  d|*.»n  the  user's 
ability  both  to  establish  a  firm  priority  list  of  mission  requirements  and  to  define 
mission  success  in  terms  of  these  requirements  (steps  2  and  3).  Input  from  a 
balloon  instrumentation  engineer  in  step  4,  use  of  interactive  automated  decision 
aids  to  accomplish  step  6.  and  a  team  (user,  instrumentation  engineer,  balloon 
design  specialist,  and  balloon  operations  specialist)  to  effect  step  6  are  necessary 
and  sufficient  to  implement  such  a  f-  'edure.  Realism,  as  introduced  in  step  6, 
implies  considerations  of  both  time  and  other  essential  resources. 

The  planning  document.  Appendix  A,  typifies  the  Tlrst  step  in  the  procedure 
that  moves  from  a  conceptualized  mission,  through  the  negotiated  establishment 
of  mission  requirements  to  design  selection,  whether  new  or  existing.  In  summa¬ 
ry  form  the  information  needed  to  arrive  at  a  final  decision  Includes,  but  is  not 
limited  to: 

a)  user  paj  id  weight 

b)  flight  proi.le  (altitudes,  durations,  vertical  motion  rates,  and  horizontal 
trajectories) 

c)  location,  time  of  year,  and  time  of  day  of  proposed  flight 

d)  launch  and  recovery  shock  restrictions 

e)  payload  configuration 

f)  isolation  of  user's  payload  from  influence  of  balloon  temperature  field 
and  from  balloon  induced  motions  (including  orientation  of  user's  payload) 

g)  shielding  from  electromagnetic  interference 

h)  electro -mechanical  interfaces 

l)  command  and  data  channels 

j)  special  handling  and  support  (such  as  required  for  delicate  and  hazardous 
pgyloads) 
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Figure  5.  Mission  Requirements  Planning  Procedure 
(1)  Balloon,  ballast,  and  parachute  can  be  defined  by 
routines  in  Section  3  and/or  6.  (2)  There  are  no  hard 

and  fast  rules  for  this  decision.  "YES"  Is  equivalent 
to  a  high  degree  of  confidence  and  "NCf'  to  a  low  de¬ 
gree  of  confidence.  Stress  levels  performance  of 
systems  with  comparable  features  (film  thickness, 
payload,  grossload,  balloon  size,  etc. )  and  general 
complexity  of  launch-recovery  operation  should  be 
among  the  considerations 


17 


k)  general  description  of  payload  functions 

11  miscellaneous  (frequencies,  optical  or  radar  tracking,  etc,). 

3.  ADEQUACY  OF  EXISTING  DESIGNS 

There  are  many  possible  Iterative  sequences  of  computations  and  checks  by 
which  one  might  determine  the  adequacy  or  Inadequacy  of  any  particular  balloon 
with  respect  to  any  particular  set  of  mission  requirements.  One  such  sequence 
is  depicted  in  FI  ure  6,  the  flow  diagram  for  the  computer  program  "ADEQUATE" 
(Appendix  C).  This  program,  developed  under  this  Btudy,  when  used  with  the 
table  of  tested  and  proven  balloon  designs,  Appendix  H,  produces  a  sub-list  of 
balloons  adequate  for  a  specified  mission,  and  further  indicates  which  of  the 
sub- listed  balloone  yields  the  minimum  system  weight  and  therefore  the  optimum 
solution  based  on  efficiency. 

The  quantitative  Input  for  the  program  listed  In  Appendix  C  is  generated 
interactively  on  the  basis  of  a  series  of  questions  appearing  sequentially  on  the 
computer  display.  The  first  question  offers  a  choice  between  metric  and  English 
units  for  the  Input;  Internal  computations  and  output  are  in  English  units.  Suc¬ 
ceeding  questions  and  their  respective  sample  Input  values  appear  In  Table  1. 

The  entry,  0.050,  following  "BALLAST  FRACTION"  is  the  value  Input  to  satisfy 
the  single  sample  requirement  of  the  "BALLAST  DROPS  FOR  CONTROL"  entry. 

The  sample  search  of  the  tabulated  designs  for  the  balloon  design  that  would 
best  fulfill  the  requirements  set  forth  in  Table  !  yielded  the  entries  In  Table  2. 
AFGL  models  SV-016A  and  SV-020  have  margin  comments  indicating  that, 
although  they  meet  the  needs,  they  have  not  been  flown  with  the  required  payloads. 
The  asterisk  opposite  the  entry  for  model  LTV -006  Indicates,  as  shown,  that  use 
of  this  model  yields  the  minimum  system  weight. 

The  minimum  system  weight  criterion  Is  one  of  many  that  could  be  applied. 
For  example,  cost  tables  could  be  provided  and  accessed  to  make  a  decision  on 
the  most  economical  system.  Even  better  perhaps,  the  stress  level  at  launch 
could  be  computed  for  each  adequate  system  configuration  and  selection  could  be 
based  on  minimum  stress  (on  the  premise  that  minimum  stress  equates  with 
maximum  reliability). 


Figure  fi.  Flow  Diagram  for  Interactive  Determination  of 
Adequate  Existing  Balloon  Designs,  Table  of  existing  de¬ 
signs  includes  rated  and  tested  payloads.  This  routine  Is 
the  basis  of  "ADEQUATE",  ihe  program  Included  as 
Appendix  C 
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Tabic'  1.  Listing  of  Interactive  ii.,'Ut  for  "ADEQUATE" 


Input  Parameter 

Value 

Altitude  (ft) 

100000 

Payload  (lb) 

800 

Descent  Ballast  Fraction 

0. 1 

Ballast  Fraction  for  Drlve-up 

0.07 

Payload  Growth  Fraction 

0.2 

Sunset  Ballast  Drops 

2 

Fractional  Sunset  llallRBt 

0.  0B 

Ballast  Drops  for  Control 

1 

Chute  Impact  Speed  (ft/aec) 

20 

Standard  Atm.  (1966) 

Ballast  Fraction 

0.050 

4.  PAYLOADS  AND  THEIR  SIGNIFICANCE  *ITH  RESPECT  TO  PERFORMANCE 
AND  DESIGN  OF  NATURAL  SHAPE  BALLOONS 


4.1  The  Natural  Shape 


Some  background  Information  on  the  "natural  shape"  balloon  concept  is 

r,/x  nnH  novlooH  Intf'i’oct inn .  Minl- 
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mally,  this  Information  consists  of  a  definition  of  natural  shape  and  an  enumera¬ 
tion  of  certain  shape -dependent  characteristics. 

The  natural  shape  (Figure  X  for  example)  Is  a  relatively  uncomplicated  and 


logical  concept.  It  Is  based  on  simple  membrane  theory  and  upon  the  following 
assumptions:  1)  the  shapes  are  rotationally  symmetric  about  the  vertical  axis; 

2)  the  envelope  Is  thin,  homogeneous,  inextenslble,  and  Incapable  of  supporting 
bending  or  compression;  3)  the  density  difference  between  the  atmosphere  and 
the  inflatant  Is  constant  over  the  height  of  the  balloon;  4)  the  circumferential 
stress  for  any  horizontal  cross  section  is  zero;  and  5)  there  Is  no  shear  force. 
For  a  given  payload  weight,  floating  altitude,  lifting  gas,  and  unit  envelope  weight 
a  unique  zero-pressure  shape  exists  and  Is  characterized  by  a  dimensionless 
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where 


w  la  the  unit  weight  of  the  ahell  film  (lb/ft2); 

Wp  q  la  the  payload  (lb)  at  the  Jeai<m  point,  and 

bg  la  the  specific  lift  of  the  Inflatant  (lb/ ft^ ),  a  function  of  the  temperature 

and  prcasure  at  the  dealgn  point  altitude. 

For  each  natural  shape  t  there  exists  a  family  of  dimensionless  constants  f^, 
among  which  ares 

f,,  the  ratio  of  balloon  weight  to  design-point  payload  weight; 

fg,  the  ratio  of  balloon  maximum  volume  to  the  cube  of  the  gorelength; 

f,,  the  ratio  of  the  balloon  surface  area  to  the  square  of  the  gorelength; 

f^,  the  ratio  or  the  balloon's  maximum  horizontal  diameter  to  the  gorelength; 
and 

fg,  the  ratio  of  the  height  of  the  fully  inflated  shape  to  the  gorelength. 

A  most  significant  assumption  about  the  natural  shape  balloon  is  that  for 
payloads  In  excess  of  the  design-point  payload,  the  shape  becomes  less  oblate  - 
the  limiting  case  being  an  approximation  of  the  shape  for  which  sigma  Is  zero 
(In  which  case  either  the  balloon  film  la  weightless  or  the  payload  Is  infinitely 
heavy  with  respect  to  the  balloon).  With  reduced  oblateness  every  point  on  the 
original  surface  shifts  so  that  Its  radial  distance  from  the  vertical  axis  of 
symmetry  is  reduced;  the  shell  thus  exhibits  vertical  wrinkles  and  the  volume  Is 
decreased.  Observed  balloon  performance  seems  to  verify  this  Important 
assumption. 

4.2  PSyload  DwignsOof.* 

There  are  several  "payload"  designations  with  which  we  a  »  concerned  as  a 
result  of  their  significance  in  the  design  and  selection  of  a  baW  for  any  specific 
mission.  In  the  usual  ordei  *  of  ascending  weight,  they  are: 

a)  the  design-point  payload  designated  Wp  Q  ; 

b)  the  design  payload; 

c)  the  Irreducible  payload; 

d)  the  mission  payload  designated  Wp  M  ; 

e)  the  maximum  payload  designated  Wp  ^  . 

♦Mission  payloads  less  than  the  design-point  payload  have  been  flcwn  success¬ 
fully  for  the  purposes  of  Increased  efficiency  and  constancy  of  shape  and  volume; 
the  required  design  and  selection  procedures  for  these  specialized  cases  are  not 
Included,  but  there  Is  additional  commentary  In  the  following  text. 
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The  design-point  payload  la  not  only  a  factor  In  the  determination  of  E,  It  la 
the  payload  weight  above  which  the  balloon  becomea  less  efficient  by  virtue  of 
Ita  change  In  shape  and  attendant  reduction  In  volume.  Further,  It  la  that  payload 
below  which  the  fully  Inflated  volume  la  constant  and  there  la  a  re-orlentatlon  of 
the  shell  stresses  -  an  Increase  In  circumferential  stress.  This  condition  waa 
unacceptable  In  tne  early  days  when  It  was  difficult  tc  obtain  high  strength  gore 
teams,  but  It  la  no  longer  a  problem. 

The  design  payload,  not  to  be  confused  with  the  design-point  payload,  con¬ 
sists  of  the  user’s  experimental  payload,  the  command  and  telemetry  system  to 
control  the  flight,  and  the  rigging  or-  gondola. 

The  Irreducible  payload  consists  of  the  design  payload  and  the  payload 
recovery  parachute  system;  It  Is  the  total  suspended  payload  after  all  flight 
control  ballast  has  been  dropped. 

The  mission  payload  Includes  the  Irreducible  payload  and  the  flight  control 
ballast  required  to  accomplish  the  mission  objectives. 

The  maximum  payload  Is  that  payload  for  which  the  tape  and  film  loadings 
meet  but  do  not  exceed  the  design  stress  limits.  This  load  Is  the  principal  factor 
affecting  the  required  film  thickness  and  load  tape  strength. 

In  general  the  range  Wp  q  to  Wp  Is  small  enough  to  ensure  efficiency 
with  respect  to  reduced  volume  at  high  payloads  and  yet  large  enough  to  make 
the  designs  applicable  to  a  reasonable  range  of  requirements. 

4.3  Payloal  —  Altitude  Rel*tiontlii|M 

Altitude  per  ae  does  not  appear  In  the  models  or  functions  that  relate  p,.yload 
and  altitude;  rather  It  Ip  h.  the  specific  lift  of  the  tnflataut  (lb/ft'*)  that  Is  a  func¬ 
tion  of  ambient  pressure  and  temperature. 

The  weights  in  pounds  of  the  maximum  payload,  mission  payload,  and  design- 
point  payload  are  subject  to  the  relationship 

WP,X  *  WP,  M  -  WP,  O  1 

and  In  the  extreme  case,  when  Wn  v  =  W_  =  W_  ,  the  balloon  volume  Is 

P,  X  P,  JVl  P,  O  ’ 

constant  and  the  altitude  Indicator  b  Is  numerically  equal  to  the  ratio  of  the  system 
weight  In  pounds  and  balloon  maximum  volume  In  cubic  feet. 

For  the  natural  shape  balloon  with  a  payload  Wp  in  the  range  Wp  q  <  Wp  < 
Wp  ^  the  payload-altitude  relationship  Is  best  expressed  by  the  function 

=  0.  12605  S3  .  (2) 

where  S  Is  the  balloon  gorelength  in  feet. 


23 


The  origin  o'  this  simple  function  la  unknown,  but  Its  accuracy  by  actual 
comparison  Is  as  good  as  other  standard  methods  for  relating  payload  and  altitude 
for  natural  shape  balloons.  Further  it  Is  nearly  an  ultimate  formula  for  demon¬ 
strating  the  design  options  with  respect  to  allowable  payload  and  altitude  combina¬ 
tions  for  natural  shape  balloons. 

For  an  existing  natural  shape  design,  the  gorelength  is  fixed,  as  are  the 
balloon  weight  and  balloon  maximum  volume.  Thus  the  ratio  fj  (balloon  weight 
to  design-point  payload  weight)  fixes  both  the  design-point  payload  and  the  specific 
lift  at  the  floating  altitude  for  that  payload.  Therefore,  for  a  fixed  design,  the 
variables  in  Eq,  (2)  are  reduced  to  only  Wp  and  b,  and  we  are  provided  with  a 
simple  expression  of  altitude  (corresponding  to  b)  In  terms  of  the  suspended 
payload.  The  correspondence  of  altitude  and  b  Is,  of  course,  governed  by  the 
use -atmosphere. 

Now  where  Is  the  balloon  weight  In  pounds,  and  the  other  terms  are  as 
previously  defined  In  this  section,  we  can  express  W^  In  the  following  ways: 


(3) 

(4) 

(5) 


Since  Eqs.  (3)  and  (4)  combine  to  yield 


and  since  f*  Is  a  monotonlc  function,  E  is  uniquely  determined  by  specifying 
Wp  M  ,  Wp  Q  and  b^  In  Eq.  (2)  and  then  estimating  the  gorelength  S.  Equations 
(3)  and  (5)  can  then  be  solved  to  yield  the  film  weight  w  and  consequently  the  film 
thickness,  t  These  relationships,  In  conjunction  with  Eq.  (1),  ensure  that vhe 
mission  payload  and  altitude  requirements  are  consistent  with  natural  shape 
balloon  performance  theory.  Iteratively  solving  Eqs.  (1)  through  (4)  together 
with  Eq.  (6)  and  Eq.  (5)  (modified  to  Include  other  balloon  component  weights) 
produces  a  design  that  gu-rankes  a  set  of  weights  consistent  with  the  prescribed 
mission  altitude.  Details  of  this  procedure  along  with  models  of  the  ratios  fj  are 
covered  In  Section  6  and  In  Appendix  G. 

^WelghtB  of  components  other  than  gores  are  excluded  here  for  reasons  of 
clarity  of  presentation.  These  components  Include,  for  the  most  part,  tapes, 
caps,  seams,  and  ducts. 
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5.  GENERAL  BALLOON  DESIGN  CONSIDERATIONS 


Balloon  selection  and  balloon  design  both  depend  on  identical  loading  criteria; 
both  likewise  depend  on  compromises.  Balloon  selection  compromises  are  most 
frequently  forced,  practical  compromises  of  mission  objectives  baaed  on  available 
balloons  and,  most  Importantly,  on  proven  or  demonstrated  capabilities.  Design 
compromises,  on  the  other  hand,  involve  decisions  on  materials  and  structural 
variations  to  accommodate  often  conflicting  requirements.  (For  example,  balloon 
envelope  durability  for  remote  launch  conditions  presents  a  problem  if  the  balloon 
payload-altitude  requirement  mandates,  on  the  basis  of  weight,  a  very  thin  film 
for  the  shell.  )  The  nature  of  the  synthetic  structural  materials,  the  statistical 
nature  of  the  atmosphere  and  the  random  deployment  of  the  load  bearing  structure 
during  ascent  force  decisions  based  on  engineering  principles,  intuition,  extra¬ 
polation,  and  willingness  to  risk. 

End  fittings,  inflation  tubes,  destruct  systems,  reefing  sleeves,  and  ducts 
no  longer  present  critical  design  or  installation  problems.  However,  over- 
design  of  duct-valving  area  presents  a  potentially  significant  reduction  in  payload 
capacity  and  reliability  for  very  high  altitude  balloons  to  carry  small  payloads 
(Appendix  F).  The  components  that  present  the  significant  design  problems  are 
the  caps,  gores,  and  load  tapes,  each  of  which  will  be  discussed  in  some  detail. 

5.1  Til*  Uwd  Cap 

The  problem  of  cap  design  is  in  reality  the  problem  of  determining  the 
thickness  of  the  crown  of  the  balloon.  This  thickness  is  the  sum  of  the  shell 
(gore)  film  thickness  and  the  film  thickness  of  the  eap(s).  The  cap  length  is 
generally  accepted  as: 

Lc  =  C  (G/b)  X/3  ,  (7) 


where 

Lc  is  the  cap  length  (ft); 

C  is  a  constant; 

G  is  tne  gross  lift  (lbs);  and 

b  is  the  specific  lift  of  the  inflatant  at  S.  T.  P.  (lb/ft3)  . 


Although  C  Is  a  constant,  there  Is  no  agreement  on  ItB  value,  but  the  accepted 
range  Is  small,  3  <  C  <  3.  18.  The  larger  value  1b  probably  the  result  of  an 
Investigation  of  failures  of  large  balloons.  This  Investigation  waB  conducted  by 
the  Office  of  Naval  Heseareh  In  1971.  Launch  films  were  reviewed  and  It  was 
recommended  to  .  lengthen  the  present  cap  material  to  Insure  that  most  of  the 
dynamic  forces  realized  during  the  Initial  launch  phases  are  contained  within  the 
capped  area  of  the  balloon  . .  ."♦ 

When  there  Is  no  cap,  the  crown  thickness  Is,  of  course,  the  shell  (gore) 
thickness,  but  with  most  new  designs  either  the  load  Ib  sufficiently  heavy  or  the 
altitude  sufficiently  high  to  justify  the  use  of  a  cap  with  its  attendant  costs  and 
added  risks.  +* 

Criteria  for  determining  crown  film  thickness  have  not  evolved  commensu- 

rately  along  with  the  Improvements  In  balloon  capabilities,  manufacturing 

3 

techniques,  materials,  and  designs.  '  For  the  most  part,  crown  thickness  has 
been  based  on  the  function 

G  =  1260(on  t)3'2  .  (8) 

where 

G  is  the  gross  lift  of  the  system  (lb/ft3); 

2 

am  Is  the  meridional  film  stress  (lb/ In,  );  and 
t  Is  the  crown  thickness  (In.)  . 

This  function  was  developed  to  approximate  the  meridional  stress  at  the  maximum 
diameter  of  a  helium-filled,  tapeless,  uncapped  balloon  at  an  altitude  of  1000  ft 

4 

(Schwoebel  ),  The  allowable  value  of  om  for  contemporary  designs  (discussed 
In  Section  5.3)  appears  to  be  based  on  experience  and  on  the  degree  of  conserv¬ 
atism  of  the  designer. 


♦The  quotation  is  from  th  _  16  August  1971  Memorandum  on  the  conclusions 
of  the  meeting  of  9  August  I97i.  The  Memorandum  was  entitled  "Problems  Con¬ 
cerning  Large  Volume  Balloons",  and  was  signed  by  F.  B.  Isakson,  Director, 
Physics  Program. 

♦  ♦Added  structural  complexity  and  added  manufacturing  handling  provide 
(respectively)  added  modes  or  failure  and  added  opportunities  for  damage  and 
therefore  added  risks. 
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Schwoebel  considered  the  stress  to  be  at  its  maximum  for  the  conditions  for 
which  the  approximation  function  was  derived.  Okamoto  likewise  suggested 
that  the  film  stresses  at  this  point  in  the  Dalloon  flight  were  maximum.  Certainly 
the  differential  pressure  acting  on  the  material  in  the  crown  is  the  greatest  at  the 
completion  of  inflation,  and  the  modulus  and  yield  strength  of  the  kilm  are  mini¬ 
mum  at  launch  temperatures.  These  being  so,  one  might  speculate  why  all 
failures  cio  not  occur  at  launch. 

Some  failures  do  occur  at  launch  and  some  failures  do  occur  at  high  altitudes, 
but  historically  most  failures  occur  at  tropopause  (minimum  temperature)  alti¬ 
tudes.  Photographic  evidence  of  such  tropopause -failures  indicates  that  the 
crown  is  the  region  of  failure.  Photographic  evidence  and  meteorological  data 
indicate  that  wind  shears  and  turbulence  acting  on  the  rising  balloon  cause 
dynamic  loading  of  the  undeployed  film  at  tropopause  altitudes.  Weissmar.n® 
offered  laboratory  tests  and  a  theory  that  appears  to  explain  the  role  of  such 
dynamics  in  tropopause-failures,  but  he  concluded  that  the  deformation  history 
of  the  film  also  probably  played  a  significant  role. 

Anderson^,  Dwyer®,  Kerr®'*^'**,  Alexander*®,  Webb*®,  and  Rand*-*  have 
also  addressed  aspects  of  the  relationships  among  film  stress  history,  material 
properties,  balloon  designs,  and  balloon  failures.  The  most  significant  conclu¬ 
sions  appear  to  be: 

1)  "...  environmental  temperatures  at  or  below  the  cold  brittle  transition 
temperature  of  polyethylene  are  not  sufficient  to  produce  balloon  burst,"  but 
"ambient  launch  temperature  appears  to  be  a  critical  factor  both  statistically 

Q 

and  from  an  engineering  viewpoint."  (Dwyer  )  (See  Figure  7 

2)  Polyethylene  film  performance  "appears  to  have  a  strong  dependence  on 

1 1 

stress  history."  (Webb  ). 

3)  "...  path  dependency  has  been  demonstrated  to  influence  the  behav'or  of 
polyethylene  films  ..."  (Rand***). 

4)  It  "appears  that  the  observed  correlation  of  the  ductile-brittle  transition 
to  a  preload  strain  state  is  only  valid  for  one  loading  history,  creep.  It  would 
seem  that  there  is  a  material  state  associated  with  this  transition  that  can  be 

reached  through  different  loading  histories  at  different  strain  states." 

12 

(Alexander  ),  (See  Figures  8  through  11). 

5)  "In  a  balloon  system  the  influence  of  rates,  histories,  temperature  and 
the  like  can  be  even  more  important  than  Indicated  by  laboratory  tests.  The 
balloon  skin  must  work  as  a  system  to  uniformly  distribute  loads.  When  a  few 
gores  (or  even  segments  within  one  gore)  see  a  history  at  variance  with  the  rest, 


Because  of  the  large  number  of  references  cited  above,  they  will  nol  tie  listed 
here  See  References,  page  57. 
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then  uniformity  of  behavior  Is  destroyed.  Unusual  and  unexpected  stresses  will 
result  and  ordinarily  adequate  designs  can  Tail."  (Webb  ).  (Emphasis  aided). 

The  thickness  determination  problem  thus  appears  Incapable  of  direct 
solution;  to  know  as  a  function  of  time  the  stresses  in  each  small  area  of  the 
shell  (deployed  and  undeployed),  even  If  possible,  does  not  aopear  to  be  practical. 
Conceivably,  however,  such  knowledge  may  be  unnecessary,  L.v  failures  are 
predominantly  In  two  categories:  those  that  occur  during  the  dymmic  erection 
of  the  bubble  and  those  that  occur  in  the  vicinity  of  the  tropopause.  If  we  accept 
that  the  tropopause  failures  result  from  the  dynamic  interaction  of  the  balloon 
and  its  environment  and  that  the  mechanical  responses  of  the  br'loon  film  result 
in  some  statistically  consistent  manner  from  its  initial  deformation  at  launch, 
then  we  can  use  a  pre-launch  stress-strain  state  as  the  zero  point  In  film  crown 
stress  history  and  as  the  crown  stress  design  point.  This  is  the  Initial  point  in 
flight  history  for  dynamic  launch  failures,  also  the  stress  design  point  chosen 
by  Okamoto  and,  for  practical  purposes,  the  stress  design  point  chosen  by 
Schwoebel.  This  Is  the  stress  design  point  we  shall  use. 

The  observed  relationships  (Figures  8  through  11)  of  failure  mode  and 
failure  stress  to  preload  temperature,  stress,  and  axial  extension  ratio  are 
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Figure  8.  Effects  of  Preloading  On  Failure  Mode  and  Failure 
Stress  For  2.0  mil  Stratofllm®  at  92°F  Preload  Temperature 

not  meant  to  imply  any  quantitative  criterion.  Rather,  they  are  intended  to  show 
conclusively  that  stress  history,  albeit  uniaxial  in  these  cases,  significantly 
affects  the  mechanical  responses  of  polyethylene  film  (Stratofilm®  and  X-124 
are  typical  examples).  Qualitative  effects  of  biaxial  prestress  at  elevated  tem¬ 
peratures  were  also  studied  by  Alexander1**  and  dramatic  changes  in  biaxial 
ultimate  strain  were  observed  at  the  -70°F  test  temperatures. 

5.2  Shell  HiickneM 

A  criterion  for  the  thickness  of  the  shell  (gore)  material  for  capped  balloons 
has  not  been  found  In  the  literature.  The  weight  penalty,  principally  for  higher 
altitude  applications,  has  thus  caused  some  designers  to  reduce  this  thickness 
beyond  what  may  be  reasonable,  but  balloons  fabricated  from  very  thin  envelope 
material  (as  low  as  0.35  mil)  can  and  have  been  launched  successfully.  In 
general,  however,  where  weight  is  not  a  problem  film  thicknesses  of  one  mil  or 
greater  are  used  by  Air  Force  Geophysics  Laboratory  to  reduce  the  probability 
of  damage  due  to  required  handling  during  layout  and  launch. 

A  criterion  for  shell  thickness  might  be  found  In  either  of  two  flight  phases; 
bubble  erection  In  a  dynamic  launch  or  venting  of  free  lift  when  entering  float. 
The  latter  has  not  often  been  a  problem  and  present  duct  sizes  and  quantities 


29 


70X5 


v > 

a. 

i 

<n 

m 

ui 

£ 

to 

fc 

it 

< 

P 

z 

UJ 

It 

UJ 

u. 

2 

3 

O 

a 

u 


6000 

-  O 

□ 

□ 

□ 

□  o  G 

5000 

□ 

4000 

- 

3000 

- 

2000 

FILM  THICKNESS 

FAILURE 

1.5  MIL  20  MIL 

TYPE 

O  □ 

DUCTILE 

1000 

- 

•  ■ 

BRITTLE 

o 


» 


500  ecx)  700  800  900  K500 

AXIAL  PRELOAD  STRESS-PSI 


1100 
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appear  to  be  more  than  adequate  (see  Appendix  E).  Arguments  for  and  against 
the  dynamic  launch  have  traditionally  teen  qualitative,  but  the  potential  require¬ 
ment  to  fly  a  very  expensive,  moderately  heavy  (1000  lb)  payioad  at  150,000  ft 
triggered  the  search  for  a  quantitative  approach,  the  result  of  which  related  shell 
thickness  to  dynamic  launch  failures.  * 

In  a  dynamic  launch,  the  inflated  upper  portion  of  the  balloon  Is  held  by  a 
roller  arm  at  a  point  roughly  100  ft  below  the  balloon's  apex.  Since  the  In-line 
recovery  parachute  system  is  generally  on  the  order  of  100  ft  long,  the  distance 
between  the  roller  arm  and  the  payload  hold-down  point  is  about  equal  to  the 
gorelength  of  the  balloon,  which  is  proportional  to  the  cube  root  of  the  balloon 
volume  This  Is  roughly  ; >  :  i'he  distance  that  the  Inflated  bubble  must  move 
upward  before  It  is  erect  o>-  ne  payload,  which  is  held  by  a  payload  release 

vehicle. 

One  perspective  of  the  dynamic  launch  yielded  results  that  were  both  quanti¬ 
tative  and  apparently  significant  with  respect  to  discrimination  between  tendencies 

*It  should  also  be  noted  that  launch  dynamics  have  long  been  proposed  as 
contributing  to  eventual  bursts  at  and  above  the  tropopause,  but  such  a  relation¬ 
ship  will  not  be  addressed  herein. 
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toward  success  and  failure.  This  perspective  considered  1)  the  increased  failure 
rate  for  large  balloons  (greater  than  20  X  10fi  ft3)  reported  by  Cuddihy1;  2)  the 
magnitude  of  the  erecting  force  acting  on  the  launch  bubble;  3)  the  thickness  of 
the  film;  4)  balloon  construction;  and  5)  an  assumption  that  thinner  films  are  more 
subject  to  flaws  and  damage  and  thus  reasonably  of  a  probable  lesser  quality. 

The  force  acting  to  erect  the  balloon  (neglecting  the  parachute  weight)  is  very 

simply  the  gross  lift  minus  the  balloon  weight.  That  is.  it  is  the  sum  of  the  free 

lift  force  and  the  payload.  The  product  of  the  erecting  force  and  the  balloon  gcre- 

length  thus  approximates  the  energy  absorbed  by  the  balloon  in  the  erection 

process.  Because  of  normal  manufacturing  differences  in  the  widths  of  envelope 

gores  and  adjacent  cap  gores,  the  dynamic  loading  can  be  assumed  to  be  take-i 

up  by  the  envelope  material.  If  one  further  argues  from  experience  that  film 

"quality"  is  proportional  to  t,  the  film  thickness,  then  the  "effective  film  thlck- 
2 

ness"  is  t  .  the  product  of  the  quality  and  the  actual  thickness.  Thus  F^,  an 
index  of  dynamic  loading  or  shock,  is  an  index  that  is  directly  proportional  to 
erecting  force  and  balloon  size  and  inversely  proportional  to  effective  film  thick¬ 
ness;  it  can  be  expressed  as: 
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FiffUi'c  51.  Effects  oT  Preloadtng  on  Stratofllrn®  Failure  Mode  and 

Si  r 


F»  ’  (W8 


-  wh)  S/'‘ 


(9) 


where 

2 

F^  is  the  dynamic  loading  index  (ft  lb/in  ); 
Wg  is  the  gross  inflation  (lb); 

is  the  balloon  weight  (lb); 
t  is  the  film  th  ness  (in.);  and 


S  is  the  balloon  gorelength  (ft)  . 

The  results  of  this  model  for  the  launches  of  93  balloons  (volumes  greater 
li  3 

than  25  X  10  ft  )  appeal  in  Figui  e  12.  The  sharp  change  in  success  rate 
suggests  a  maximum  acceptable  value  of  F^  of  about  10.  Gore  flint  thickness 
in  mils  can  then  be  determined  by: 


1  >  V^’g 


Wb)  S  10 


(10) 
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Figure  12.  Statistical  Basis  of  Shell  Thickness 
Model.  Based  on  balloons  having  volumes 
greater  than  or  equal  to  25  X  10"  ft3 


The  use  of  the  model  as  It  appears  in  Eq.  (10)  seems  reasonable,  hut  it  does 
not  explain  the  possible  Influence  of  launch  temperature  or  launch  wind  speed. 
Both  of  these  should  contribute  to  launch  failures:  temperature,  because  both 
modulus  and  yield  strength  decrease  with  increasing  temperature,  and  wind 
speed,  because  it  directly  affects  the  dynamic  loading  of  the  film. 

5.3  Film  Strength  Corutderaltoni 

Not  stress  alone,  but  stress  In  relation  to  temperature,  time  to  failure, 
strength,  and  strain  rate  muBt  be  reflected  in  the  criterion  for  crown  film  thick¬ 
ness.  This  suggests  that  creep  strength  and  yield  strength  might  be  reasonably 

consistent  film  capability  references.  Alexander  provides  temperature  related 

12  15 

information  on  yield  stiength,  biaxial  safe  stress  (Figure  13)  and  uniaxial 

15.  Alexander,  H. ,  and  Murthy,  G.K.N.  (1968)  A  Failure  Stress  Criterion  For 
A  Polyethylene  Balloon  Film,  Scientific  Report  No.  4.  Contract 
F19C28-S7-C-0241,  A FCRL-TR -69-0103,  AD  692516. 
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Figure  13. 


Safe  Stress  Chart  for  2.0  mil  Stratofllm 


creep  strength15  for  Stratofllm®  . 

For  a  representative  film  thickness  (0,75  mil),  analysis  of  yield  strength 

o  10 

data  In  the  t'  mperature  range  -40  <.  F  <_  120  Alexander  ”  (hie  figure 
provides  the  relationship: 

oy  =  2262-19.  185  F+0.  025496  F2+0.  00016979  F3  ,  (11) 

where 

2 

ay  Is  yield  strength  (lb/ln  )  and 

F  Is  temperature  (°F)  . 

The  actual  rate  of  loading  or  straining  during  the  Inflation  process  Is  quite 
slow  and  Inconstant  and  Inflation  temperatures  are  usually  In  the  upper  part  of 
the  range  20  to  80°F.  Although  the  rate  of  100  percent  per  minute  used  In  the 
yield  strength  tests  Is  slow,  it  Is  considerably  faster  than  that  produced  In  the 
Inflation  process,  and  thus  at  the  usually  relatively  warm  launch  temperatures 
the  film  yield  strength  will  be  lower  than  the  computed  yield  strength.  In  the 
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1 


absence  of  more  refined  data  end  because  our  analyses  are  Intended  primarily 
for  quantitative  compel  ability,  values  of  roughly  85  percent  of  the  yield  strengths 
at  20°F  and  80°F  were  used  to  generate  the  temperature  dependent  "Stress 
I  limit"  function  (Figure  14): 


°SL 

=  EXP|  7.  7187-0.  010986  Fl 

(12) 

or 

°SL 

*  EX  P(  7.  367-0.  01978  Cl, 

(13) 

where 

°SI. 

2 

is  the  stress  limit  (lb/ in  ); 

F 

is  the  temperature  (°F):  and 

C 

is  the  temperature  (°C)  . 

Approximately  Static  Loading  Rate.  This  log-linear  plot  shows: 
a)  safe  stress  from  Figure  13,  b)  discrete  stress  values,  repre¬ 
sented  by  the  symbol,  •,  Eq.  11,  c)  nominal  Stratofilm  ©  yield 
strengths,  1733 -psi  machine  direction  and  1526-psi  transverse 
direction,  d)  current  design  stress  indicator  range  used  with 
Schwoebel's  approximation  function,  1400  to  160(Lpst,  Eq.  8,  and 
e)  proposed  Stress  Limit  function  for  Stratofilm©  balloons,  Eqs. 
12  and  13 
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5.4  Load  Tape* 


Little  engineering  design  effort  has  been  undertaken  with  respect  to  the 
meridional  load  tapes  used  on  polyethylene  balloons.  Perhaps  this  Is  because 
the  tapes  have  always  been  considered  strong  In  comparison  to  the  balloon  film, 
and  confirmed  tape  failures,  other  than  those  associated  with  early  semi-cylinder 
balloons  during  the  Inflation  process,  are  unknown.  *  This  disregard  la  somewhat 
Inconsistent  because  the  Introduction  of  satisfactory  tape  attachment  methods  In 
the  early  to  mid  1950s  was  hailed  as  a  significant  step  toward  Improved  balloon 
capabilities. 

Ultimate  tape  strength  as  a  function  of  tempeiature  Is  not  found  in  the 

literature  and,  for  the  most  part,  the  types  of  fibers  and  methods  of  construction 

are  not  comparable.  Further,  both  ultimate  strength  and  ultimate  elongation 

vary  with  test  specimen  length  and  most  certainly  with  elongation  rate;  static 

1 6 

loading  (as  during  Inflation)  Is  known  to  be  the  most  severe  use  test. 

Load  tapes  have  been  made  from  a  variety  of  fibers  and  with  a  variety  of 
construction  practices.  Materials  used  successfully  Include  nylon,  polyester, 
rayon,  and  glass.  Kevlar  Is  used  on  a  very  limited  basis  for  experimental 
designs.  At  room  temperature,  a  100-lb  (rated  strength)  tape  made  from  each 
of  these  materials  would  have  a  modulus  as  follows: 

Nylon  500  lbs 

Polyester  1000  ibs 

Rayon  1600  lbs 

Kevlar  2000  lbs 

Glass  3100  lbs  . 

These  figures  are  nominal  and,  to  an  undetermined  degree,  dependent  upon  both 
the  construction  of  the  tape  and  material  sub-type  (Dacron  and  Fortrel  are  both 
polyester  fibers  but  significantly  different  In  mechanical  response). 

More  important  than  the  tape  modulus  Itself  Is  the  natural  "crimp"  in  the 
load  tape  fibers  and  the  amount  of  tape  elongation  (and  attendant  meridional  film 
strain)  required  to  uncrimp  the  fibers  before  the  theoretical  modulus  becomes 


-  3 

*A  series  of  balloons  4,  850,  000  ftrsin  volume  made  from  0.75  mil  polyeth¬ 
ylene  and  having  300-lb,  test  Fortlsangs.  load  tapes  did  fall  whereas  the  same 
balloon  type  with  100-lb.  test  Fortisan'®'  load  wpeB  had  been  successful.  The 
balloon  film  in  the  former  cases  cannot,  however,  be  ruled  out  as  a  cause  of 
failure,  but  reorientation  of  stresses  due  to  the  tape  modulus  change  (from  100 
lb.  to  300  lb.)  is  the  suspected  cause. 


Parsons,  W.B.  (1935)  Performance  of  Balloon  Reinforcement  Tapes  Under 


Static  and 


lamic  Load! 
44.  AD  6981 
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1  c 

effective.  Figure  15  shows  the  effects  of  removing  most  of  the  crimp  from  one 
of  two  test  specimens  of  Fortlaan®  (rayon)  load  tapes  and  further  shows  that  the 
effects  of  variations  In  crimp  along  given  fibers,  fiber  bundles,  and  load  tapes 
appear  to  average  out  rather  uniformly. 


STRAIN  (%) 


Figure  15.  The  Rffect  of  Fiber  Crimp 
on  Load  Tapp  Performance.  The  curves 
A C D  and  BCD  are  the  load^ctrolr.  re¬ 
sponses  of  two  distinct  samples  of  rayon 

(ForHsan®  )  load  tape.  A  and  B  are  the 
respective  zero-strain  points  for  the 
curves  that  have  been  shifted  horizontally 
to  overlay  one  another.  Note  the  ex¬ 
treme  crimp  effect  In  the  early  portion  of 
curve  ACD 


Elimination  of  the  effects  of  crimp  can  be  accomplished  In  two  ways.  Either 
the  fiber  bundles  can  be  encased  under  a  uniform  tension  during  tape  construction, 
or  the  tapes  can  be  attached  to  the  gore  seam  hems  while  under  a  higher  uniform 
tension.  In  either  case,  the  value  of  the  tension  must  be  high  enough  to  be  In  the 
uniformly  common  part  of  the  load  strain  curve  (see  point  C  In  Figure  15  for 
example).  Only  In  this  way  can  the  tapes  be  forced  to  share  the  meridional  loado 
at  very  low  elongations. 
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Historically,  this  aspect  of  load  tape  construction  has  been  ignored  in 
practice  by  some  designers  and  manufacturers;  most  likely  this  is  because  there 
has  been  no  analysis  in  which  this  consideration  could  be  u°iu  quantitatively  to 
reveal  its  effects.  This  is  no  longer  the  case;  the  analysis  proposed  herein  (see 
Appendix  D)  addresses  the  effect  In  Eq.  (D3)  by  means  of  the  term  eQ,  defined  as 
mechanical  tape  s'ack. 

The  maximum  tape  load  occurs  »t  the  apex  when  the  balloon  enters  float.  It 
has  been  traditional  to  use  this  as  t  ,e  tape  design  point.  However,  this  merely 
establishes  a  rcted  strength  based  on  a  load  multiplication  factor.  This  "rule" 
addresses  neither  an  acceptable  limit  for  tape  modulus  (which  would  control 
tape-film  interaction)  nor  the  temperature  dependency  of  tape  properties. 

Nominal  ultimate  tape  strength  has  been  used  as  a  tape  "specification",  but 
this  does  not  ensure  comparability  between  sources.  Subtle  evolutionary  changes 
in  tape  construction  surely  continue  to  influence  the  mean  statistical  responses 
of  nominally  identical  load  tapes  from  a  single  source.  When  balloon  failures 
are  rare,  these  inconsistencies  are  overlooked,  but  when  quantitative  analyses 
of  the  structural  stresses  are  attempted  either  for  failure  analysis  or  for  more 
efficient  design  extrapolations,  problems  can  arise. 

Until  reliable  quantitative  data  on  load  tape  behavior  are  obtained,  design 
rules  such  as  load  multipliers  (normally  four  to  five  times  the  apex  region  load 
at  float  altitude)  will  continue  to  be  used.  Similarly,  tape  modulus  as  a  function 
of  temperature  as  >proxirnated  in  Eq.  (D9)  of  Appendix  D  will  have  to  suffice. 

6.  AFGI.  DESIGN  PROCESS 

The  design  process  shown  schematically  in  Figure  lti  Is  the  essence  of  the 
computer  code  developed  under  thlB  study  (Appendix  G).  Some  of  the  design 
features  and  design  criteria  are  contained  as  assumptions  in  the  code  and  others 
are  interactively  input.  What  follows  here  is  a  general  discussion  of  input; 
specific  input  instructions  arc  discussed  in  Appendix  G.  The  complete  list  of 
inputs  Include: 

a.  natural  shape  minimum  payload  (lb)  f.  terminal  parachute  speed  (ft /sec) 

b.  operational  design  payload  (lb)  g.  shell  thickness  (mils) 

c.  maximum  payload  f’b)  h.  cap  thickness  (mils) 

d.  operational  design  altitude  (ft>  l.  load  tape  factor 

e.  fractional  ballast  requirements  maximum  gore  width  (in. ) 
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Figure  16.  Interactive  Balloon  Design  Procedure 
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Inputs  a  through  f  are  related  to  the  mlsBlon  and  descriptive  of  the  capabili¬ 
ties  and  performance  requirements.  Film  thickness  Inputs  (g  and  h)  are  estimates 
based  on  experience  and  are  Interactively  adjusted  during  the  Iterative  design 
process.  The  load  tape  factor  and  maximum  gorewldth  (Inputs  l  and  j)  are  nor¬ 
mally  constant;  the  maximum  gorewidlh,  usually  about  101  In.,  is  based  on 
economic  use  of  the  standard  54 -In.  layflat  width  of  the  extruded  polyethylene 
tube;  and  the  load  tape  factor,  about  5,  Is  a  value  presently  without  a  firm 
engineering  rationale. 

The  last  f^ur  Inputs  (g  through  j)  significantly  affect  the  computed  stress 
level.  Increases  In  the  first  two  reduce  stress  but  have  the  most  adverse  Impact 
on  balloon  weight.  Decreases  In  the  maximum  gorewldth  also  reduce  stress,  but 
increase  balloon  cost  -  labor  Is  roughly  proportional  to  the  pi  oduct  of  the  number 
of  gores  and  the  gorelength  (the  total  length  of  gore  heat  seals). 

Minimum  adverse  Impact  is  achieved  by  Increasing  the  load  tape  factor  (i) 
to  achieve  reduced  stress  levels.  This  was  Inferred  In  the  earlier  references 
to  the  effect  of  tape  fiber  crimp. 

The  minimum  payload  value  governs  the  balloor,  shape  and  thus  the  values 
of  the  nondimenslonallzed  shape  characteristics  f^  through  f,.  (see  Section  4.  1) 
and  R  ,  the  ratio  of  the  meridional  radius  of  curvature  (at  0.  17  gorelength  units 
from  the  apex)  to  the  launch  bubble  gorelength,  and  the  related  characteristics: 

6  the  half  cone  angle  at  the  nadir  (degrees); 

T/Wp  the  ratio  of  the  apex  loaclng  to  the  payload;  and 

T/G  the  ratio  of  the  apex  loading  to  the  grossload  . 

The  design  payload  and  altitude  combined  govern  the  balloon  volume  and  thus 
the  gorelength,  whereas  the  maximum  payload  affects  the  selection  of  tape 
strength,  film  thickness,  caplength,  cap  thickness,  and  total  duct  venting  area. 

If  the  design  payload  weight  is  the  weight  of  the  functional  payload  only,  then  the 
design  code  requires  Input  of  both  ballast  needs  for  ascent,  descent,  and  sun3et 
control  (expressed  as  decimal  fractions),  and  allowable  parachute  impact  speed, 
which  governs  the  parachute  size  and  thus  weight.  These  inputs  are  covered  In 
detail  In  Appendix  G. 

Balloon  ducts  allow  the  free  lift  gas  to  be  vented  and  thereby  prevent  over- 
pressurlzation  and  bursting  when  the  balloon  reaches  Its  natural  floating  altitude. 
The  length  of  the  duct  is  selected  so  that  the  balloon  will  not  take  in  air  when 
ascending  or  floating  at  an  altitude  below  Its  natural  floating  altitude.  This  is 
effected  by  ensuring  that  the  duct  entry  in  the  balloon  wall  is  always  In  the  posi¬ 
tive  pressure  region,  except  during  the  Initial  8Scent  when  the  ducts  are  still 
fully  collapsed.  Balloon  duct  length  is  Selected  so  that  the  zero  differential 
pressure  level  is  at  the  upper  end  of  the  duct  when  the  balloon  is  about  16,  000  ft 
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below  the  natural  floating  altitude;  that  is,  when  the  balloon  is  about  half  full. 

The  requirement  tor  a  reefi  g  sleeve  exists  only  when  t!  e  volume  exceeds 
3 

four  million  ft  (an  arbitrary  volume  based  on  exper._nce>.  The  sleeve  extends 
from  the  base  to  within  5  ft  of  the  cap.  Endfitting  sizes  and  thus  weights  are 
related  to  payload  weight  and  number  of  gores,  and  are  based  on  existing  designs. 

Selections  of  an  adequate  stress  level  and  shock  index  as  criteria  for  accept" 
ance  of  p  resulting  design  are  basically  at  the  discretion  of  the  designer,  but 
with  due  consideration  to  actual  flight  histories  and  regard  for  the  margins  of 
safety  that  appear  appropriate  for  the  relevant  mission.  .  or  future  designs,  e 
st reap  level  of  about  GOO  psl  and  a  shock  index  of  10  seem  to  be  reasonable  based 
on  experience  at  this  time. 


7.  CONCLUSIONS  AND  RECOMMENDATIONS 

Thy  single-cell  polyethylene  balloon  is  not  (structurally  complex;  aside  from 
the  endfittings,  which  are  really  in  the  nature  of  sophisticated  fasteners,  *  there 
are  only  a  few  critical  parts  that  affect  the  strength  of  the  vehicle  (load  tapes, 
~aps.  and  gores)  or  affect  the  loading  of  the  structure  (duc*s>.  These  critical 
parts  have  been  researched  with  the  following  conclusions  and  recommendations. 

7.1  Ducts 

We  have  considered  the  function  of  the  duct  and  the  various  ways  in  which 
ila  size  hes  been  determined  (Appendix  F).  \\re  have  shown  that  the  film  strength 
and  atmospheric  scale  height  3hould  be  considered  as  functions  of  altitude  and 
not  as  constants,  and  that,  the  present  duct  sizes  based  on  these  considerations 
are  consistent  with  the  early  University  of  Minnesota  recommendation  that  the 
actual  duct  diameters  should  be  twice  the  theoretical.  Further,  we  have  shown 
that  the  results  of  the  venting  back  pressure  model  of  the  University  of  Minnesota, 
when  the  atmospheric  scale  height  is  considered  to  be  altitude  dependent,  are 
consistent  with  those  produced  by  the  differential  equatiors  governing  the  ascent 
venting  process;  tnese  pressures  are  small  percentages  of  the  differential 
pressure  at  the  maximum  horizontal  diameter. 

I*  is  concluded  that  duct  sizes  today  are  more  than  adequate.  The  need  to 
have  ducts  that  have  diameters  twice  what  is  theoretically  required  has  been 


*Thc  plate,  hoop,  ard  ring  apex  fitting  developed  by  Winzen,  International, 
Inc. ,  has  probably  be<  n  the  single  most  important  design  improvement  since  the 
mid-1950s  when  the  heat  sealed  tape  was  introduced;  *t,  more  than  anything  else, 
has  made  it  possible  to  realize  the  load  potential  of  capped-  and  uncapped-taped, 
fu.  ..y  -tailored  polyethylene  balloons. 
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questioned,  and  in  this  regard  actual  venting  back-pressure  measurements  should 
be  made  to  confirm  this.  Reducing  the  number  of  ducts  by  ustng  the  largest 
practical  sizes  and  making  the  ducts  from  the  thinnest  film  practical  would  reduce 
both  weight  and  construction  costs  -  this  should  be  done. 

A  venting-stress  model  should  be  developed  to  accommodate  newer  under¬ 
standing  of  the  high  stress  regions  of  the  fully  inflated  balloon  and  should  be  based 
on  improved  film  characterization  at  loading  rates  consistent  with  peak  pressu¬ 
rization  rates  during  the  expulsion  of  the  free  lift  gas. 

..1  iotd  Tips* 

Lead  tapes  appear  to  have  adequate  ultimate  strengths,  dynamic  loading 
responses  (accommodating  dynamic  launch),  and  moduli.  However,  the  difference 
between  the  modulus  in  theory  and  in  practice  (and  between  manufacturers)  liml.s 
both  design  accuracy  and  confidence  in  the  results  of  structural  analyses  of  the 
balloon  pre-launch  load  distributions.  This  is  a  problem  that  can  be  addressed 
confidently,  easily,  and  without  significant  added  cost  to  the  balloon  user.  All 
thf  t  is  required  is  stricter  specifications  for  manufacturing  and  testing. 

At  present,  the  total  tape  strength  requirement  has  been  found  to  be  based 
on  a  fa-tor  of  four  (NSBF)  or  five  (AFGL)  times  the  total  meridional  load  in  the 
balloon  crown  at  ^loui  altitude.  This  seems  to  be  a  "rule  of  thumb”  in  both  cases, 
rather  than  an  engineering  formula. 

7.3  Gore* 

Gore  thickness  standards  for  a  fully-tailored  polyethylene  balloon  with  load 
tapes,  but  without  a  cap  are  the  same  standards  used  for  the  crown  of  a  capped 
balloon.  Analysis  of  ground  abort  statistics  suggested  a  criterion  for  the  film 
thickness  (in  mils)  of  the  gores  of  cappec  balloons,  namely  Eq.  10: 


It  was  noted  *hat  a  final  refined  model  should  probably  account  for  launch  temper¬ 
ature  and,  if  possible,  launch  wind  speed.  * 


♦Development  of  the  "soft  collar"  dynamic  launch  method  has,  it  appears, 
significantly  improved  the  statistics  for  the  large  capped  balloons,  but,  in  the 
absence  of  this  NSBF  system,  use  of  the  model  as  a  guide  appears  to  offer  a 
significant  advantage. 


7.4  Crown  and  Analytical  Method 


Criterion  for  the  crown  thickness  is  the  essential  part  of  this  study.  The 

NSBF  model,  or  more  properly  the  Schwoebel  model,  and  the  Okamoto  analysis 

were  reviewed  and  results  compared  with  those  of  the  author's  model,  which  is 

17 

based  on  modifications  and  additions  to  the  analytic  approach  of  Alexander  and 

the  film  model  of  Webb.  The  comparisons  Involved  81  distinct  balloon  designs, 

3 

ranging  in  volume  from  about  1  to  70  million  ft  .  All  three  approaches  had  in 
common  the  selection  of  the  launch  as  the  proper  point  for  comparative  stress 
analysis  or  application  of  design  criteria.  Only  the  proposed  approach  accounts 
for  the  film-tape  Interaction,  for  the  orthotropic  nature  of  the  film,  and  for  film 
modulus  based  both  on  temperature  and  accounting  for  relaxation  of  stresses  and 
strains  in  the  balloon  crown. 

Table  3  provides  a  comparison  of  the  results  of  three  approaches  to  design 
and  analysis:  the  author's  model  (columns  3,  4,  and  8  through  12);  the  NSBF 
model  (columns  5  and  6);  and  the  model  suggested  by  Okamoto  (column  7).  For 
the  most  part,  there  are  two  payload  entries  for  each  balloon,  the  first  in  the 
pair  being  the  suggested  maximum  and  the  second  being  the  maximum  flown 
successfully.  The  letter  code  following  the  entries  fn  column  2  is  the  key  to 
the  source  of  the  load  rating.  The  tape  Indices,  columns  3  and  6,  are  the  ratios 
of  total  tape  strength  to  total  meridional  load  at  the  apex  at  float  altitude  (AFGL 
and  NSBF  computations  differ  slightly).  For  each  payload  the  second  entry  in 
each  pair  for  columns  4,  7,  8,  and  9  are  percentages.  Thus  column  4  shows  the 
tape  load  at  launch  in  pounds  and  as  a  percentage  of  the  rated  tape  strength. 
Column  7  shows  the  computed  Okamoto  circumferential  stress  in  psi  and  as  a 
percentage  of  the  author's  computed  circumferential  stress.  The  circumferential 
and  meridional  stresses  computed  by  the  author's  model  are  expi  essed  in  psi  and 
as  a  percentage  of  the  safe  stress,  1004  psi.  The  second  entry  in  each  pair  in 
columns  10  and  11  is  the  respective  radius  of  curvature  in  feet. 

In  column  Owe  have  the  NSBF  stress  index  multiplied  by  1000.  The  first 
entry  In  each  pair  is  the  effective  value  based  on  the  column  2  payload.  The 
second  entry  is  the  suggested  index  (multiplied  by  1000)  based  on  the  actual  film 
thickness,  the  load,  and  the  size  of  the  balloon.  If  the  second  value  in  each  pair 
is  less  than  the  first  it  means  that  the  suggested  index  is  conservative. 

One  of  the  most  remarkable  results  of  the  comparison  of  analyses  is  the 
consistency  of  the  AFGL  and  Okamoto  circumferential  stress  values;  the  Okamoto 
values  are  almost  uniformly  3  to  5  percent  greater  than  the  AFGL  values,  except 


17.  Alexander,  H. ,  and  Agrawal,  P.  (1974)  Gore  Panel  Stress  Analysis  of  High 
Altitude  Balloons,  Scientific  Report  No.  2.  Contract  F19628-72-C-til()0, 
AFCRL-TR-74-0597,  ADA009627. 
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for-  a  few  cases  where  the  differ  ence  is  in  the  order  of  10  percent.  ThlB  uniform¬ 
ity  is  particularly  interesting  when  one  considers  that  the  Okamoto  model  consid¬ 
ers  only  differential  pressure  p,  film  thickness  t,  meridional  radius  of  curvature 
Rj,  and  circumferential  radius  of  curvature  according  to  the  relationship:’!' 


The  ranges  of  meridional  and  circumferential  stress  values  (psi)  for  success¬ 
ful  flights  are  very  Interesting  when  compared  with  the  ranges  of  design  (rated) 
values.  These  are  shown  in  Table  4.  In  the  absence  of  values  for  balloons  that 
subsequently  failed  in  flight,  one  could  conclude  that  present  designs  are  too 
conservative.  However,  a  limit  greater  than  700  psl,  when  a  reasonable  safe 
stress  is  only  about  1000  psl  is  probably  inadvisable. 


Table  4.  Stress  Range  Summary  of  Data  Base  Designs 


Balloon 

Load 

Meridional  Stress 

Circumferential  Stress 

Type 

Category 

Min 

Max 

Min 

Max 

Rated 

485 

754 

495 

762 

No  Cap 

Tested 

435 

724 

445 

73.8 

Rated 

436 

669 

443 

653 

Capped 

_ . _ . _ 

Tested 

377 

615 

386 

624 

With  respect  to  the  NSBF  stress  index,  there  were  three  balloons  in  the  study 
(all  without  caps)  for  which  the  index  was  greater  than  1.  6  in  actual  successful 
flights.  The  corresponding  NSBF  load  tape  factor  (usually  equal  to  4)  and  the 
computed  AFGL  meridional  stress  values  are  shown  in  Table  5.  The  stress 
trends  are  opposite,  but  consistent  with  the  noted  tape  factors.  In  fact,  for  a 
NSBF  tape  factor  of  about  5  and  a  NSBF  stress  Index  of  about  1,4,  the  AFGL 
stresses  appear  to  be  consistently  about  510  psl.  This  strongly  indicates  that  any 
AFGL  crown  stress  criterion  could  be  trrnslated  into  a  comparable  set  of  NSBF 
indices,  and  vice  versa.  However,  this  would  apply  at  only  one  launch  temperature. 


♦Because  R2  is  part  of  the  solution,  this  model  ''s.nnot  be  used  predlctlvely, 
but  it  should  provide  a  valuable  check  at  other  launch  temperatures. 
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Table  5.  Large  NSBF  Stress  Indices 


NSBF 

AFGL 

Stress 

Tape 

Meridional 

Index 

Factor 

Stress 

1.  722 

3.32 

724 

2.  069 

3.73 

691 

2.376 

7.24 

572 

Using  analysis  at  the  initial  point  in  balloon  flight  histories  as  an  operational 
predictor  of  subsequent  success  and  failure,  and  as  a  decision  model  in  an  itera¬ 
tive  design  process  is  still  a  reasonable  goal.  The  results  of  this  study  confirm 
it  as  historically  viable,  but  design  and  operational  use  criteria  require  that 
acceptable  stress  levels  be  established  not  for  one  temperature  (23°C  in  our  case) 
but  over  the  complete  range  of  launch  temperatures. 

Useful  film  strength  does  decrease  and  meridional  and  circumferential  film 
strains  do  Increase  with  increasing  temperature.  Such  deformations,  locked  in 
to  some  uncertain  degree  by  the  decreasing  temperature  accompanying  the  ascent 
to  the  trc.popause,  have  been  proposed  as  significant  contributors  to  the  so-called 

"tropopause  burst"  phenomenon.  Indeed,  in-flight  strain  measurements  reported 
18 

by  Rand  ,  suggest  that  such  strains  are  "frozen  in"  up  to  the  tropopause. 

Webb's  material  characterization  has  been  applied  in  the  AFGL  analysis 

model  with  limited  success.  It  is  not  known  whether  further  extrapolation  to 

cover  the  complete  range  of  launch  temperatures  will  be  successful.  However, 

1 9 

it  is  expected  that  recent  work  by  Wilbeck  will  be  useful  and,  if  fully  developed, 
might  meet  the  total  Stratofilm®  characterization  requirements  of  the  AFGL 
analysis  model  and  thereby  enable  the  realization  of  a  simple  and  effective  per¬ 
formance  prediction  model. 

The  method  of  stress  analysis  of  the  fully  inflated  balloon  developed  by 
Rand*^  and  revised  to  take  advantage  of  Wilbeck's  material  model  offers  the 


18.  Rand,  J.  L.  (1982)  Balloon  film  strain  measurements.  Workshop  on 

Instrumentation  and  Technology  for  Scientific  Ealloonlng.  jtXlv  COSPA R 
Plenary  Meeting,  Ottawa,  Canada,  16  iVlay  -  2  June  198z. 

IS.  Wilbeck,  J.S. ,  and  Rand,  J.  L.  (1981)  Balloon  Material  Characterization, 
AIAA  7th  Aerodynamic  Decelerator  and  Balloon  Technology  Conference. 

20.  Rand,  J.  L.  (1978)  Design  and  Analysis  of  Single  Cell  Balloons.  Scientific 
Report  No.  1,  Contract  F19628-76-C-0082.  AFGL-Tfr^T-15558. 

AD  A072828. 
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most  promising  approach  to  making  the  fully  inflated  shape  more  efficient.  If  it 
is  further  modified  for  use  with  the  partially  inflated  bubble  at  launch,  it  should 
provide  a  description  of  the  launch  stresses  and  stialns  much  more  accurately 
than  any  method  proposed  to  date. 
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Appendix  A 

Balloon  Program  Planning  Documant 

1.  PROGRAM  IDENTIFICATION  AND  COORDINATION 

PROGRAM  NAME  _ 

PROJECT  NUMBER _ TASK  NUMBER _ 

RESPONSIBLE  AGENCY  PRIME  CONTRACTOR 

NAME  _ _ _ 

ADDRESS _ _ 

TELEPHONE  _  _ 

COORDINATOR _ _ 

2.  FLIGHT  REQUIREMENTS  (List  tn  order  of  priority.  Identify  as  essential, 

If  possible,  and  desirable. ) 


3.  PROGRAM  PAYLOAD 


ESTIMATED  WEIGHT  RANGE,  MAX _ lb  MIN _ lb 

COMPONENTS  AND  CONFIGURATIONS: 

ITEM  HT.XWT.xLT  (In.)  WEIGHT  (lb) 


4.  FLIGHT  PROFILE  DESCRIPTION  (Describe  In  terms  of  altitudes,  durations, 
and  ascent  and  descent  rates,  when  applicable-  See  Figure  Al.) 


5.  MISSION  LOCATION  AND  TIMETABLE 

DESIRED  GEOGRAPHICAL  LOCATION  OF  LAUNCH  SITE 


ESTIMATED  LAUNCH  DATE  (Year,  Month,  Day) _ 

LATEST  LAUNCH  DATE  (Year,  Month,  Day) _ 

DESIRED  FLOAT  ARRIVAL  TIME _ hoars  (local)t _ hours 

6.  SPECIAL  LAUNCH,  FLIGHT  AND  RECOVERY  CONSIDERATIONS  (launch  and 
recovery  shock,  electromagnetic  Interference,  reel-down  of  payload,  command 
channels,  data  channels,  payload  pointing,  horizontal  trajectory,  payload 
hazards,  etc,) 
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'  y.  T~  -v  ■ 

pt.p—  ■ 


jsaai&iL 
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.  DESCRIPTION  OF  PASSIVE  AND  COMMANDED  PAYLOAD  FUNCTIONS 


Appendix  B 

Parachute  Sin 


In  many  balloon  systems  the  recovery  parachute  subsystem  contributes  a 
significant  fraction  of  the  payload  weight,  particularly  for  short -duration  high- 
altltude  flights.  Welghtwlse,  the  principal  components  of  the  recovery  subsystem 
are  the  canopy  and  the  instrumentation  cable.  The  latter  services  the  balloon 
apex  valve  and  the  termination  devices  that  separate  the  balloon  and  payload  at 
the  end  of  the  flight.  The  combined  weights  can  be  adequately  approximated  in 
terms  of  the  parachute  diameter  Dc  by  a  second  degree  polynomial.  Based  on 
conventional  Instrumentation,  cable  weight,  and  parachutes  40,  60,  and  100  ft 
in  diameter,  the  parachute  subsystem  weight  Wc  becomes: 

W  =  0.02257  D2  -  0. 7847  D  +  52.778  .  (Bl) 

c  c  c 

If  the  maximum  load  suspended  from  the  parachute  is  represented  by  Lc> 
then  the  relationship  between  total  descent  weight,  sea  level  terminal  descent 

velocity  V  and  parachute  diameter  can  be  derived  for  standard  flat  circular 

C  Bl 

parachutes  using  Hess'  tables  as: 

Dc  =  <37.8/Vc>  .  <B2> 

Bl.  Hess,  J.  (1963)  Determination  of  Parachute  Descent  Times  and  Impact 
Locations  for  High  Altitude  Balloon  Payloads.  AFCRL-63-885. 
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Eliminating  Wc  between  the  latter  two  equations  yields: 


560.6  -  V (7 5411  +  1428.  8  L)V2  -  46076.  8  L  -  2U773L 

D  = - S-f - =■ - .  (B3) 

c  32.  25  - 

c 

which  provides  quite  realistic  values  for  diameters  down  to  about  24  ft.  Since  the 
balloon  selection  procedure  la  based  on  a  number  of  estimates,  the  need  to  com¬ 
promise  due  to  the  availability  of  only  discrete  parachute  sizes  should  not  ad¬ 
versely  affcc'  x11  r.  ,i  Section. 

Since  the  W  »  size  must  be  large  enough  to  accommodate  the  maximum 
payload,  the  dc*  ime  with  all  ballast  expended  may  cause  undesirable  or 
even  unr -ceptable  drift.  This  can  be  overcome  by  using  deadweight  ballast  If 
otherwise  not  precluded.  Balloon  selection  programs  should  also  (and  the  AFGL. 
program  does)  compute  the  minimum  descent  rate  as  a  caution  to  the  systems 
designer. 


Appendix  C 

Ptofrwn  "ADEQUATE" 


Cl.  DESCRIPTION 

This  program  takes  balloon  mission  requirements  and  from  them  computes 
their  compatabllity  with  balloons  having  tested  capabilities.  It  determines  the 
weight  of  ballast  required  and  the  size  and  weight  or  the  required  parachute.  It 
creates  a  table  of  existing  designs  capable  of  performing  the  specified  mission 
».nd  indicates  the  mo3t  efficient  solution  (reference  Table  2). 


C2.  METHOD 

The  method  is  described  schematically  in  Figure  6  using  the  data  base 
format  described  in  Figure  Cl. 


C3.  SPECIAL  CONSIDERATIONS 

The  following  assumption  underlies  the  solution  process:  1962  U.S.  Standard 
Atmosphere. 
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C4.  SYSTEM 

This  program  la  wi  itten  In  BASIC  programming  language  and  is  configured 
to  run  on  rn  HP9830A  (i  808  word,  Read-Write  Memory)  with  an  HP9871A  impact 
printer. 


CS.  OPERATION 

The  program  is  stored  on  cassette  number  4,  file  number  3.  The  scanned 
data  base  is  stored  on  files  4  through  19  of  the  same  cassette. 

a.  Press:  LOAD,  type:  J3,  press!  EXECUTE 

b.  Press:  RUN  EXECUTE 

c.  The  display  reads:  YYMMDD?  Type  in  the  date,  for  example,  821225 
(Christmas  1982),  press:  EXECUTE 

d.  The  display  reads:  METRIC  INPUT?  Type  in  answer,  for  example,  YES. 
If  input  is  anything  but  yes,  Inputs  requested  are  in  feet  and  pounds  (force),  not 
kilometers  and  kilograms  (force).  Press:  EXECUTE  (See  Figure  C2). 

e.  The  display  reads:  ALTITUDE  Type  in  the  altitude  in  proper  units,  for 
example,  100000.  press:  EXECUTE 

f.  The  display  reads:  PAYLQftD  Type  in  the  payload  in  the  proper  units 
(not  including  ballast  or  parachute  weights),  for  example,  1000.  press:  EXECUTE 

g.  The  display  reads:  DESCENT  BALLAST  FRACTION  Type  in  the  descent 
ballast  requirement  expressed  as  a  decimal  fraction,  for  example,  0.  05.  press: 
EXECUTE 

h.  The  display  reads:  BALLAST  FRACTION  FOR  DRIVE-UP  Type  in  the 
ballast  required  as  a  decimal  fraction,  for  example,  0, 05.  press:  EXECUTE 

i.  The  display  reads:  PAYLOAD  GROWTH  FRACTION  Type  in  the  allow  - 
able  payload  weight  increase  as  a  decimal  fraction  of  the  payload,  for  example, 

0.  06,  press:  EXECUTE  This  value  allows  for  experimenter's  underestimate  of 
the  project  payload  weight  (ballast  and  parachute  excluded) 

j.  The  display  reads;  SUNSET  BALLAST  DROPS  Type  in  the  number  of 
sunsets  that  must  be  counteracted  by  using  ballast,  for  example,  2,  press: 
EXECUTE 

k.  The  display  reads:  FRACTIONAL  SUNSET  BALLAST  Type  in  the 
average  sunset  effect  ballast  as  a  decimal  fraction,  for  example,  0.  075.  press: 
EXECUTE  This  indicates  that  for  each  night,  7  1/2  percent  of  the  gross  system 
weight  will  be  dropped  as  ballast  to  keep  the  system  from  descending  to  the 
ground. 
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1.  The  display  reads:  BALLAST  DROPS  FOR  CONTROL  Type  in  the 
number  of  non-sunset  ballast  drops  (reference  Figure  4),  for  example,  3_,  press: 
EXECUTE 

m.  The  display  reads:  CHUTE  IMPACT  SPEED  Type  in  the  allowable 
parachute  terminal  velocity  in  ft/sec,  for  example,  20,  press:  EXECUTE 

n.  The  display  reads:  BALLAST  FRACTION  Type  in  the  decimal  fraction 
for  the  first  drop  (re?erence_l_above),  for  example,  0,06,  press;  EXECUTE 
This  display  repeats  for  the  number  of  times  input  in  _1_  above. 


'ADEQUATE'  (CF  4  .03)  8  20808 

ALTITUDE  (Kilometers) 

50 

pay  Load  (Kilograms) 

200 

DESCENT  BALLAST  FRACTION 

0.05 

BALLAST  FRACTION  FOR  DRIVE-UP 

0.1 

PAYLOAD  GROWTH  FRACTION 

0.06 

SUNSET  BALLAST  DROPS 

0 

BALLAST  OROPS  FOR  CONTROL 

0 

CHUTE  IMPACT  SPEED  (Km/Sec) 

18 

STANDARD  ATM. (1966) 

'ADEQUATE'  (CF  4.03)  820809 

ALTITUDE  (Feet) 

100000 

PAYLOAD  (Pounds) 

1000 

DESCENT  BALLAST  FRACTION 

0.05 

BALLAST  FRACTION  FOR  DRIVE-UP 

0.06 

PAYLOAD  GROWTH  FRACTION 

0.1 

SUNSET  BALLAST  DROPS 

2 

FRACTIONAL  SUNSET  BALLAST 

0.075 

BALLAST  DROPS  FOR  CONTROL 

3 

CHUTE  IMPACT  SPEED  (Ft/Sec) 

20 

STANDARD  ATM. (1966) 

BALLAST  FRACTION 

0.06U 

0.U6U 

0.065 

Figure  C2.  Examples  of  Metric  and  English  Input 
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C6.  DATA  BASS  FORMAT 


The  data  base  is  divided  into  groups  of  ten  balloons  each,  with  ten  separate 
packages  of  coded  information  on  design  and  performance.  The  construction  of 
a  coded  package  is  typically  like  XXXYYYZZZZ.  If  this  number  were,  decoded 
na  U{J,  7),  it  would  produce  the  following: 
shell  thickness  =  X.  XX  mil 
number  of  gores  =  YYY. 
tape  strength  =  ZZZZ.  lb 

There  are  five  sets  of  alpha  codes  as  follows: 

(1)  Balloon  Model  Codes 


1 

_SV- 

capped  balloons 

2 

LTV- 

taped  -  uncapped  balloons 

3 

TTV- 

tapeless  semi-cylinder  balloons 

4 

_CV- 

cylinder  balloons 

5 

_SP- 

special  or  experimental  design  balloons 

6 

WWW- 

Winzen  International,  Inc.,  design  balloons 

7 

RRR- 

Raven  Industries,  Inc.  design  balloons 

(2)  Modification  Code 

1- 

-26  A  through 

Z 

(3)  B; 

alloon  Payload  Rater 

1 

A 

Air  Force 

2 

N 

Navy 

3 

F 

Palestine 

4 

W 

Winzen  International,  Inc. 

5 

R 

Raven  Industries,  Inc. 

6 

blank 

Unknown 
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(4)  Flight  Number  Reference 


1 

H- 

Holloir  4FB 

2 

C- 

Chlcc-  v-A 

3 

S- 

Special  Series 

4 

AD- 

Balloon  Development  Series  (early  AFGL) 

5 

WW- 

Wlnzen  International,  Inc. 

6 

NF- 

NSBF 

7 

blank 

Numerical  designation  only 

The  value  of  ZZZZZ  is  Input  as  an  Integer  for  certain  flight  serleB  and  as 
a  real  number  for  certain  others:  for  example,  AD-87  (input  as  Integer), 
H-81-023  (Input  as  real  number,  81.023).  The  decoding  and  encoding  take  care 
of  the  retrieval  and  storage  changes  required  to  Interchange  decimal  points  and 
dashes. 

(5)  Sigma  Source  Reference 

1  U/M  SIGMA 

2  Smalley 

3  Not  Tabulated 
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1000  REM  "ADEQUATE"  (CF  4.03  82AUG09) 


1010  REM  INTERNAL  CuMPU  TAT  IONS  AMO  OUTPUT  1M  ENGLISH  UNITS. 
1020  MEM  196b  STD  ATM.  IS  USEE. 

1030  DIM  A$[180J  , C$135)  ,D$135J  ,E$[35]  ,G$t25] 

1040  DIM  A  121  j  ,E  llU,2]  ,Xl9j  ,ull(J,  10]  ,Z1  [10,8] 


1050  A$*"ALTITUDE  PAYLoAD  GROWTH  FRACTIONAL  SUNSET  " 

1060  A$  1 4  3 }  * "BALLAST  DROPS  FOR  CONTROLCHUTE  IMPACT  SPEED  " 

1070  AS  187] ■"DESCENT  BALLAST  FRACTION  FOR  DRIVE-UP" 

1080  REM  INPUT  STRING  ADDRESSES 

1090  DATA  1,9,10,17,87,110,95,123,10,32,35,55,25,49,43,67,08.86,0,0,0 
1100  REM  DECODE  II 

1110  DATA  1,1, 6, 1,0, 0,0, 0,2, 1,9, 9, 0,0, 0,0, 3, 1,6, 5, 0,0, 0,0 
1120  LATt  4,1,11,5,0,0,0,0,5,3,6,4,4,1,1,1,8,3,5,3,4,3,2,2 
1130  DATA  11, 3, 4, 4, 3, 3, 3, 1,14, 2,6, 6, 5, 5, 0,0, 16, 3, 4, 3, 3, 1,1,1 
11*0  DATA  19,3,5,5,2,2,2,2 
1150  REM  136b  ATM. 

1160  LATA  9, 10 13. 25, 0,26 8. 15, 31, 216. 65, 20, 216. 65, 32, 228 .65,47,270.65 
117C  DATA  52,270.65,61,252. b5, 79, 180.65,0,0 


1180  MAT  READ  A 
1190  MAT  READ  2 
1200  MAT  HEAD  £ 

1210  FORMAT  B 

1220  FORMAT  2u 

1230  WRITE  (15,1220/ 27,64; 


124U  oiSP  "YYMMbD"; 

12Su  INPUT  06 

1260  PRINT  "'ADEQUATE'  (CF  .05) “u 6 

1270  PRINT 

1260  Cl-6356)ob 

1290  C2=0. 3u46037 

1300  C3*34  . 163195 

1310  C4-0.U217464 

1320  C5*  U . 6o 1810  5 

1330  STAnLAKu 


1 540  Dba" (Feet) 

1350  E$»"(pounas) 

13b0  G$“" ( Ft/Sec)  “ 

137u  B»u  =  l 

1380  disp  "metric  input  "; 
1390  INPUT  C3 

1400  it  C$#“ ¥  eS"  THEN  1<*60 
1410  d$»"  (bilonieters) 

142o  ES»" (Kilograms) 

1430  GS*” (Km/Sec)  “ 

1440  a*32dU.o 
14  50  0*2 . 204  b 


n 


1000  Kt'.'l  "ADEQUATE"  <Cf  4.03  32AUG09) 


1460  ruR  i-1  TO  17  STEP  2 
1470  If  1  #13  THEN  1510 
14  60  1‘  A 1 6)  tO  THEN  1510 
14  40  XI  7  )-0 
lr>00  GOTO  16b0 
1510  C$-A$IAU|  ,A[1  +  U  2 
1  520  LISP 

1530  INPUT  X l  ( 1  +  1 ) /2 J 

1540  if  1/3  AM)  1  #17  THEN  3  650 

1550  PRI.iT  C$) 

1 5 oO  If  I>1  THEN  1590 
1 j70  PRINT  D$; 

1560  GOTO  1630 

15S0  If  I > 3  THEN  1620 

1600  PkINT  E$j 

1610  GOTO  1630 

162".  PKINT 

1630  PRINT  X| ( i+i) /2 1 
lb 40  GOTO  1660 
1650  PRINT  C$,X(  (I+1)/2J 
If  )  k EXT  I 


1670  PRINT  “STANJARU  ATM.  (1966)  " 
168'  A*X  [1  j  ”d*X  (1 ) 

1690  X!2]-u*Xl2] 

1 700  X ( 91 “6* X l 9 ] 

1 71u  f 1« 1/ ( 1 -X 1 3  J ) / ( 1 -X ( 4 1 ) 

1720  If  Xl0]=0  Tut-N  1830 
1730  PRINT 
1740  PRINT 


1750  fIXEU  3 

1 7o0  PRINT  ‘BALLAST  PRACT1UN" 
1770  POR  I»1  TO  X 181 
1780  LIlSP  "PRACT1 ON*  ; 

1790  INPUT  H7 
1800  PRINT  H7 
1810  E  1-F  1/ ( 1 -H7  ) 

1820  NEXT  I 

3830  fl*-l+fl/  (  ( 3-  — X 1 7  J)”Xl6j) 


1840  UISP  “ ERROR* j 
1850  INPUT  C$ 

1860  WRIT!  (15,1210)12 
1870  If  C$>-M¥fcS"  THEN  1330 
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10CO  UiM  "AUEyOATE"  (C f  4.03  82AUGU9) 


1880  A$-*  SV-L.TV-TTV-  Cv-  SP-WWW-RRR-0123456789* 
189,  AS139J-"  ABOUEPGHlJKUlwUPQRSTOVWXyX* 

1900  GOSOB  2450 
19.10  B6*6 
1920  £9-0 
1930  H7-1E+06 
1940  P8-80 


1950  FOR  0-4  TO  19 
1960  LOAD  DATA  0,0 
1970  FOR  H-l  TO  10 
1980  GOSUB  2780 
1990  if  A  1 5 1 — 0  THEN  2160 
2000  if  K9>0  ‘THEM  2010 

2010  PRINT  “mODEe  NO  VuHuhE  MAXIMUM  BAELOOn  BALLAST  CHUTE  CHUTE!  DRIFT" 
2U20  PRINT  ■  P AYLOAO  WEIGHT  HEIGHT  WEIGHT  SUE  SPEED" 

2030  PRINT 
2040  K9-1 

20  50  wi-  ( 1+X  l  51 )  *Xl  2  J 
20 00  .’OR  J-l  i'O  5 
.  070  B8-F1* (wl+Pb+All9J ) 

2080  U9»0 .090278-0.002 8«X 191 *Xl9J 

2090  u9«1NT(U.  5+(i.5«i94-SUR(2.4632-4*L.5*  (B8+W1+  52, 77H)  )  )/U9) 

2100  P0«o9/i 

211o  P8-0.09U27t"  J  *P6-  1  5'i‘4*P6+r2.77b 
2120  NEXT  0 

2130  S7»SuRl4* (P6+xl ; 1 *a  12)  )  /  (u9*...  *0  ,  1028) ) 

2140  wl»Wl+B8+.!,6 

2150  It  Rl> INTA  111  THEN  2j60 

2160  A»A 114) 

2170  GOSUB  2450 

2180  u-A l 111 +0.1/605* (a l 5)* 3)* <i>6-8) 

2190  IP  W1  <«  A I  11)  THEN  22lO 
/200  B-Bb*Al21-Atl9J 
2210  If  M l>ri  THEN  2360 
2220  GOSuO  2640 

/230  WRITE  (li,2240)CS,Al2) ,1 nTA 13 ),a(19),06,p8,u5,S7| 

224U  PuKMAT  f  10. u , 2X, f 7 .0 , 2X, f 7 .0 ,2 X,F 7 . U , 2X ,F 6. 0 ,2X,f  5 . 0, 2X, f 5, 0 
2250  If  H7<  (rtl+A  1 19)  )  THEN  2  350 
22b0  If  INTA  [  3)  > INTA 14 )  THEN  2290 
2270  PRINT  "*" 

2260  GOTO  2300 

2290  PRINT  “*  ABOVt  TESTED  LuAD* 

2300  H7-A l 19 ) +W1 

2310  K9-K9+1 

2320  if  R9<  51  THEN  2360 

2330  WRITE  (15,1210)12 

2340  K9-0 

2350  PRINT 

2360  NEaT  ri 

2370  NEXT  O 
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1UUU  KEM  "ADEgOATE"  (Cf  4.03  82AUG09) 


2330  Ril'd' 

2  390  if  H7-lE+0b  THEN  24  30 
2400  fURMAT  T5.0 

2410  WRITE  (IS, 2400) "LAsT  *  YIELDS  LOWEST  GROSS,  *H7j 
2420  RHlNT  "  ROUNDS . * 

2430  UiSP  "END" 

2440  END 


2 4S 0  kEM  MuDEL  ATM. 

2460  M —  E 11,1  I 
2470  R»Ell,2| 

2430  X-C  2*  A 

2490  X«U.U01*C1*X/(C1+X) 

2  SuO  fuR  1-2  TO  M+l 
2510  0-1 
2520  El-0 

2530  If  Eli +1,2 |*E 11,2)  THEN  2550 
2540  El-0.0001 

2S50  K«  (El-t  EU  +  l,2)-Eli,2J)/(Ell+l,l)-Eli,lJ) 

2560  if  X<E  11+1,11  THEN  2590 

2570  i>-f*((KU,2i/(El+EH+l,2)))“(C3/R)) 

2  580  EXT  1 

2590  T-E  (u  ,2)  +R*  (X-E  l  J  ,  1)  ) 

2600  f «f* ( (E l J , 2| /T) * (CJ/R) ) 

2610  u-C4*  f/T 
2o  20  8-C5*D 
26  30  RE 1 U  KN 


2040  KEM  OcCUDE  1 
26  DO  o- 1NTA ( 1 1 
2c bO  C$-A$ l+*e-3, 4+cJ 
2670  A— A H ) — 0 
2680  rOK  U-l  TO  4 
2690  if  u<4  THEN  2720 
2700  8 -—2 9 r IN  1 ( A* 100 ) 

2710  GOTO  2740 
2720  A-A* 10 
2730  8-INTA 

*740  C$ [ 4+0 ) -A$  ltt+29 , b+29  J 
2750  A-A-b 
*7bu  NEXT  U 
2770  RETURN 
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1000  HEM  "ADEUUATE"  (C t'  4.03  82AUG09) 


2780  HEM  OECuuE  11 
2790  EOR  Y»i  10  10 
2800  O-UlH.YJ 
2810  HOK  M-l  TO  4  l  ¥ ,2  J 
2820  X— *IY,2*».+  1J 
28  Ju  u»t»*(10*X) 

2840  u-INTu 

28f>0  J«xlY,lJ+ii-l 

2860  X«tlY,2*M+2J 

2870  AlJj«(u-ri)* (lu'x) 

2880  MEAT  h 

2890  MEAT  Y 

2900  mEtuhu 
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Appendix  D 


Equation*  Govaming  tha  Balanoa  of  Forca* 

Alexander0*  assumed  linearity  between  engineering  stress  and  Btmple  Strain, 
acknowledged  the  orthotropic  nature  of  current  polyethylene  balloon  film  and 
arrived  at  the  following  two-dimensional  constitutive  relation: 


-2  -2 

where  e  is  strain,  a  is  stress  <lb  ft  )  and  E  is  the  film  modulus  (lb  ft  ).  The 
subscripts  c_  and  m  refer  to  the  circumferential  and  meridional  directions 
(mutually  orthogonal)  <>»  the  balloon  gores  and  the  corresponding  circumferential 
and  machine  direction.',  of  the  extruded  tubular  polyethylene  film  used  to  construct 
the  balloon  gores.  The  film  is  assumed  incompressible  under  load  and  Poisson's 
ratio  is  assumed  to  he  constant  (r  -  0.  679)  over  the  range  of  balloon  use  temper¬ 
atures. 


Dl.  Alexander,  II.,  and  Agrawal,  P.  (1974)  Gore  Panel  Stress  Analysts  of  High 
Altitude  Balloons.  Scientific  Heport  No.  5,  Contract  F19628-72-C-0100T  ' 
AFCRL-TR-74-0597,  ADA009627. 


Force  equilibrium  in  the  meridional  direction  is  satisfied  by  the  relationship: 


.  K 

[  wh 

where 

Q  is  the  number  of  balloon  gores 

w  is  the  gorewldth  at  the  analysis  location  (Figure  Dl)  (ft) 

h  is  the  balloon  wall  thickness  at  the  analysis  location  (ft) 

is  the  mechanical  slack  built  into  the  load  tapes  (dim) 

Fm  is  the  total  meridional  load  as  determined  from  payload,  balloon  weight 
and  geometrical  considerations  (lb) 
is  the  elastic  modulus  of  the  load  tapes  (lb) 


m 


<D3) 


Fm  M.c  " 
m  t  o 

Qwh  wh 


Figure  Dl.  Balloon  Crown  Deployment  Dur¬ 
ing  Inflation  and  at  Launch 


Alexander  further  assumed  that  the  film  would  deform  circumferentially 
under  pressure,  that  the  shape  of  deformation  would  be  a  circular  arc,  and  that 
it  would  lie  in  the  plane  normal  to  the  meridional  stress  (Figure  Dl).  These 
assumptions  are  continued  in  the  author's  analysis,  but  unlike  Alexander's 
analysis,  the  contribution  of  film  weight  is  considered  negligible  and  omitted. 
Force  equilibrium  normal  to  the  surface  is  thus  given  by: 


P 


m 


(D4) 
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where 


_o 

P  Is  the  pressure  differential  across  the  film  (lb  ft  ) 

R  is  the  meridional  radius  of  curvature  of  the  balloon  surface,  assumed 

ITl 

equal  for  both  film  and  load  tapes  (ft)* 

Rc  is  the  radius  of  curvature  of  the  deformed  gorewldth  (ft) 

In  the  fully  deployed  crown  of  the  balloon,  the  geometry  of  the  deformation 
(Figure  01)  yields  two  additional  relationships: 

sin*  -  (1  +  €  m)  w/[2Rc]  (D5) 

*  =  (1  +  «  )  stn*/(l  +  e  )  .  (D6) 

c  m 

The  two  additional  relationships  needed  to  complete  the  set  of  0  Independent 

02 

equations  result  from  a  material  model  suggested  by  Webb  and  modified  as 
shown  in  Appendix  E.  These  are: 

Ec  =  144  E60(ec)  (D7) 

Em  =  144  E60(em>  (D8> 

The  five  remaining  variables  in  these  equations,  Mt,  Fm>  P.  w,  and  Rm  are 
evaluated  on  the  basis  of  geometrical,  thermal,  and  environmental  considerations. 
Models  for  these  will  vary  according  to  the  relative  altitude  of  the  balloon 
analysis,  which  for  thir.  study  is  taken  as  the  launch  site  elevation. 

Both  Alexander0*  and  Rand08  provide  similar  models  for  polyester  load 
tape  modulus  as  a  function  of  centigrade  temperature.  At  15°C  their  results 
agree  to  within  1.  5  percent.  Where  L  is  the  nominal  load  tape  strength,  Rand's 
model  is: 


Mt  =  l  11.334  -  °C/15|  L 


(D9) 


-  D3 

*For  additional  comments  on  this  assumption  see  Rand, 

D2.  Webb,  L.  D.  (1978)  Mechanical  Behavior  of  Balloon  Films.  Scientific  Report 
No.  2,  Contract  F19628-76-C -0082,  AFGL-TR-79-0026,  ADA098937, 

^3.  Rand,  J.  L.  (1978)  Design  and  Analysis  of  Single  Cell  Balloons.  Scientific 
Report  No.  1.  Contract  f1&628-?6-C-0082,  AFGL-TR-78-0258, 

AD  A072828. 
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Smalley04  provides  natu  a'  shape  balloon  tables  which,  for  all  practical 
values  of  E,  yield  corresponding  values  of  (T/P)^  and  (W/P)^, .  In  these  ratios, 

T  is  the  total  load  at  the  balloon  apex  (lb),  W  Is  the  balloon  weight  (lb),  and  P  is 
payload  (lb).  Where  G  is  the  gross  load  (lb),  the  relationship  (G/P)j,  =  1+(W/P)E 
allows  us  to  write  T  =  G(T/P)_  /(G/P)r. 

Smalley  shows,  that  for  a  balloon  shape  with  E  =  0.2,  the  ratio  of  apex 
loading  at  launch  to  apex  loading  at  float  for  current  altitudes  of  interest  is 
approximately  0.  716.  Actually,  the  ratio  is  a  function  of  both  altitude  (as  inferred 
from  b/bd)  and  shape  (E).  Development  of  a  functional  relationship  is  possible 
and  may  become  desirable,  but  Smalley's  results  (Figure  D2)  indicate  that  0.716 
is  a  reasonable  first  approximation  and  that  the  minimum  of  the  probable  range 
of  values  is  greater  than  0.  639.  Further,  the  quotient  (T/P)j, /(G/P)j,  can  be 
represented  by  a  5th-degree  polynomlnal  that  is  designated  Fj(E),  such  that  the 
total  meridional  load  at  launch  becomes: 

F  =  0,  716  G  F.  (E)  .  (D10) 

m  1 

The  differential  pressure  at  the  top  of  a  balloon  was  shown  by  Dwyer  to  be 
proportional  to  the  product  Wp*/3b3/3  where  Wp  is  the  payload  (lb)  and  b  is  the 
specific  lift  (lb  ft-3),  Smalley04  presented  a  graphic  relationship  (Figure  D3) 
between  the  non-dimensionalized  pressure  and  variations  in  E  a.”  well  as  relative 
altitude.  The  following  model  approximates  differential  pressure  for  b/bd  >  2C 
and  was  derived  from  Smalley's  graphical  presentation  by  numerical  methods: 


P 


r 

e~ 


(Dll) 


An  approximation  to  the  solution  of  the  problem  of  knowing  the  shape  and 
effective  gorelength  Sp  of  a  balloon  at  launch  (the  static  fully  erect  balloon)  was 
suggested  by  analysis  of  Smalley's  tables  of  balloon  dimensions  for  altitudes 
below  design  altitude  (b/bd  >  1).  For  b/bd  >  20,  more  than  70,  000  ft  below  float, 
these  data  r  'fleet  insignificant  dependence  on  E  (for  normally  used  shapes)  in  so 
far  as  the  relative  gas  bubble  length  is  concerned.  This  is  sufficient  for  nearly 


D4.  Smalley,  J.H.  (1963)  Determination  of  the  Shape  of  A  Free  Balloon. 

Scientific  Report  No.  2.  Contract  AF  19628-2783,  AFCRL-64-734, 

AD  610125. 

D5.  Smalley,  J.H.  (1966)  Balloon  Shapes  and  Stresses  Below  the  Design  Altitude. 
NCAR-TN-25. 

D6.  Dwyer,  J.  F.  (1973)  Balloon  Apex  Pressure  Differential.  AFCRL-73-0632, 
AD  774399. 
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I  10  100  1000 

RATIO  OF  INSTANTANEOUS  SPECIFIC  LIFT  TO 


SPECIFIC  LIFT  AT  DESIGN  ALTITUDE. b/b* 

Figure  D3.  Pressure  Trend  at  Top  of  Fully-Tailored, 

Natural  Shape  Balloon  at  Altitudes  Below  Natural  Float 
Altitude 

D9 

and  Kerr  Indicate  that  this  mo.it  highly  stressed  region  at  launch  is  potentially 
the  key  to  success  or  failure  during  passage  through  the  minimum  temperature 
region  of  the  tropopause. 

Observations  of  launches  of  fully-tailored  balloons  and  experience  with 
hangar  inflation  tests  indicated  that  the  crown  of  the  balloon  at  launch  was  fully 
deployed  for  a  distance  of  about  0. 17  Se>  measured  from  the  apex.  Alexander, 
as  shown  in  Figure  D5,  found  launch  stress  in  some  cases  to  peak  in  this  very 
region.  Consequently,  the  point  (0.  17  S  measured  from  the  apex)  is  chosen  as 
the  launch  stress  analysis  point.  Since  the  number  of  gores  is  large  and  the 
crown  area  is  flat  (for  practical  purposes),  the  gore  width  at  this  point  can  be 
expressed  as: 

w  =  2*(0.  170SJ/Q  .  (D13) 


D9.  Kerr,  A.D. ,  and  Alexander,  H.  (1967)  On  a  Cause  of  Failure  of  High 
Altitude  PlaBtlc  Balloons.  Scientific  Report  No.  2,  fcontract 
FI 9328 -67 -C -0241,  AFCRL-67-0611.  AD  667192. 
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Figure  D4.  Representative  Shapes 
of  a  Fully -Tailored  Balloon,  Below 
Design  Altitude,  According  to 
Smalley05.  The  effective  gorelength 
Seis  the  difference  between  the  man¬ 
ufactured  gorelength  S\  and  the  value 
of  Z/S\  at  and  below  which  r/S\  -  0, 
The  symbol  •represents  the  effec¬ 
tive  base  endfitting  location  corre¬ 
sponding  to  S  and  b/b^ 


From  the  natural-shape  balloon  tables,  the  meridional  radius  of  curvature, 
R  has  been  computed  at  a  gore  position  about  0, 17  S  ft  from  the  apex  for  the 

TO* 

useful  range  of  the  E  shape  factor.  A  model  relating  Rm  to  E  for  a  full  balloon 
has  been  numerically  developed.  Adjustment  for  the  launch  shape  Is  not  thought 
to  he  necessary.  However,  the  necessity  can  easily  be  verified  by  determining 
the  sensitivity  of  the  computed  stresses  to  variations  of  Cm  In  the  following 
developed  model  (see  line  1270,  Appendix  G  for  values  of  coefficients): 


R 


m 


C  S 
m  e 


SUMla.E1) 
l  =  o 


(D14) 


LENGTH  (FT)  MEASURED  ALONG  GORE  FROM  APEX 

Figure  D5.  Gore  Panel  Stress  Analysis  of  a  Model 
SV-001  Balloon  With  a  488-lb  Payload  at  Launch, 
According  to  AlexanderDl.  The  21.25-ft  location 
corresponds  to  the  value  0.  174  S 
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Appendix  E 

A  Practical  Stratofilm^  Men  lei 

The  dependency  of  polyethylene  balloon  film  properties  on  temperature,  rate 
of  loading  and  history  (temperature,  stress,  and  strain)  suggests  the  need  for  a 

P  1 

comprehensive  model  such  as  proposed  and  studied  by  Webb.  J  Restated,  his 
Eq.  71  is: 

a  --  I  (Ka^'Vd-nl/Dj)  e1'11  .  (El) 

where 

2 

u  is  stresr.  (lb/ in.  ) 

K  is  strain  rate  (in.  /in.  /ml n) 

a^,  is  the  time  temperature  shift  factor 

n  is  the  exponent  in  the  power  law  relaxation  function  (Webb's  Eq.  61) 

Dj  is  the  coefficient  in  the  power  law  relaxation  function  (Webb's  Eq.  61) 
e  is  the  strain  (in.  /in. ) 

Taking  the  natural  log  of  both  sides  of  Eq.  (El)  yields  three  equations: 

Ino  =  x  +  x,  lne  (E2) 

O  A 

El.  Webb,  L.  D.  (1978)  Mechanical  Behavior  of  Balloon  Films,  Scientific  Report 
No.  2,  Contract  No.  F19G28-76-C-0082,  AFGL-TR-79-6026,  Ab  A05853T. 
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xo  =  In  l  (KaT)n/(l -n)/D^l 


(E3) 


x^  =  1-n  (E4) 

t 

Graohs  of  a  versus  e  for  0.  7  mil  Stratoi'ilm®  at  23°C  for  the  values  of  K  = 

2.  0,  0.  2,  0.  02,  and  0.  002  in.  /In.  /min  were  obtained  under  the  Texas  ASdVI 
contract  of  Reference  El.  The  graphs  were  for  both  machine  and  tranverse 
direction  (MD  and  TD)  film  tests.  Averaging  (by  stght)  each  MD  and  TD  pair 
of  curves,  19  equally  spaced  strain  values  (0.005  through  0.095)  were  then 
processed  (using  Eq.  (E2))  by  regression  analysts  for  each  K-value. 

The  trends  In  the  values  of  xq  and  x^,  for  the  given  values  of  K,  were  not 
immediately  obvious.  However,  the  intention  of  using  the  results  for  a  fixed 
temperature  (23°C)  and  at  low  strain  rate  would  diminish  rather  than  magnify  the 
errors  of  any  reasonably  inferred  trends..  Thus  we  have. 


xq  =  lr.  (7222  K°*  0217> 


x,  =  1  -  In  (1.34  k0-00869) 


(E5) 

\E6) 


Therefore,  we  can  express  the  secant  modulus,  E(K,  e)  at  23°C  hb: 


K(K.c) 


7222  K0,0217 


c  ln(l.  3  4  K°- 


00869. 

; 


<U7) 


Selection  of  a  proper  strain  rate  and  reasonable  relaxation  effects  must  still 
be  made.  The  stress  levels  and  respective  strain  levels  in  the  crown  area  con¬ 
tinuously  change  (even  after  inflation  is  completed)  up  to  the  time  when  the  bubble 
is  released  to  the  vertical  (dynamic  launch).  Since  we  have  selected  this  point 
as  the  design  point,  and  since  the  time  to  reach  this  pseudo-static  state  is  gener¬ 
ally  about  60  n  in,  the  strain  rate  K  selected  is  (he  strain  of  the  pseudo-static 
state  divided  1  y  the  time,  60  min.  Obviously  the  rate  will  thus  differ  for  the 
meridional  and  transveise  directions,  and  K  becomes  an  output  while  50  min 
becomes  an  input. 

Meridional  creep  in  the  crown  area  is  accompanied  by  increased  circum¬ 
ferential  strain.  Also,  relaxation  of  the  circumferential  stres6  results  tn 
increased  circumferential  strain  in  the  bowed  out  section  of  the  gore  panels,  The 
apparent  secant  moduli  resulting  from  these  interactions  are  effectively  reduced. 
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Comparing  the  model  generated  moduli  for  a  variety  of  times  and  rates 
indicated  a  trend  toward  a  limiting  value,  thus  implying  that  the  use  of  variable 
strain  rates  and  constant  time  to  achieve  a  pseudo-static  state  effectively  accounts 
tor  any  creep  and  relaxation. 

The  resultant  model*  becomes  on  substitution  of  e/fiO  for  K: 


i:(;0(e)  -  6<»08  r. 


-(27+ln<)/115 


<E8) 


The  stress  strain  relationship  resulting  from  this  model  becomes: 


jgr(e)  r  G608  t 


(88-lne)/ 115 


<E9) 


F.quationa  (8)  and  (9)  were  used  to  produce  the  results  shown  in  Table  El. 

The  models  developed  in  this  manner  could  have  been,  if  required,  more 
accurate  and  comprehensive.  First,  data  could  have  been  analyzed  separately 
for  the  MD  and  TD  directions  and  then,  given  as  a  function  of  temperature, 
equations  3,  4,  5,  and  fi  could  have  been  used  to  define  Dx  as: 


D, 


(KaT)X'Xl 

Vi 


(E10) 


#For  use  in  Appendix  O, 


must  be  multiplied  by  144 

80 


in2/ft2. 
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Table  El.  Numerical  representation 
of  Eqs.  (8)  and  (9).  LGT(MOD)  Is  the 
log  base  10  of  the  modulus 


ST HA 1 
in/  in 

Sl'ttSSS 

HSI 

rtvkJuLUS 

Hal 

L,GT(i«tOO) 

0.002 

41 

20318 

4.308 

0.004 

74 

18532 

4.268 

0 .006 

103 

17494 

4.243 

0.008 

134 

lb763 

4.224 

0.010 

lb2 

16201 

4.210 

0.012 

189 

15746 

4.197 

0.014 

215 

15364 

4.187 

0.016 

241 

15036 

4.177 

0.018 

26  5 

14749 

4.169 

0.020 

29  0 

14493 

4.161 

0 .022 

314 

14264 

4.154 

0.024 

337 

14055 

4.148 

0.02b 

360 

13864 

4.142 

0.028 

383 

13689 

4.136 

0.010 

406 

1352o 

4.131 

0.032 

428 

13375 

4.126 

0.034 

450 

13233 

4.122 

0 ,03b 

472 

13101 

4.117 

0 . 0  38 

493 

12976 

4.113 

0.040 

514 

12857 

4.109 

0.042 

533 

12745 

4.105 

0  .  u44 

5.  6 

126  39 

4.102 

0.046 

577 

12538 

4.098 

0 . 046 

597 

12441 

4 . 095 

0 . 0  30 

oi  7 

12349 

4.092 

0.082 

636 

12261 

4.089 

o  .  0  34 

658 

12176 

4.08b 

0.0  3b 

677 

12095 

4.083 

0  .056 

6*7 

12017 

4.000 

0.  UoU 

IL  b 

11941 

4.077 

0.0  o2 

736 

11869 

4.074 

0  .  Ub4 

7  55 

11793 

0.072 

»)  •  0  o  o 

774 

11731 

4 . 069 

0.068 

793 

lloo5 

4 . 0b7 

0.070 

dl2 

11602 

4.065 

0.072 

631 

11540 

4.062 

0.0/4 

6  50 

11480 

4 . 0  60 

0 . 076 

668 

11422 

4.0  58 

0.0  7d 

667 

11366 

4.056 

0 . 080 

903 

11311 

4.054 

0 .082 

923 

11258 

4,051 

0  .<)d4 

9*U 

II2O6 

4. 04  9 

0 . U8o 

959 

11156 

4.047 

0.066 

'ill 

11107 

4.04  b 

0.090 

993 

11059 

4.044 

0.092 

1013 

11012 

4.042 

0.094 

1031 

109ob 

4 .040 

0 .09o 

j.048 

10921 

4.0  36 

0  .096 

1066 

)  0876 

4.037 

0.100 

i0b4 

10835 

4.035 

Appendix  F 

Duct  Design  Considerations 

Researchers  at  the  University  of  Minnesota  (U  M)  developed  the  standard 
pressure  relief  duct  to  vent  the  excess  lifting  gas  needed  for  ascent.  It  replaced 
the  open  base  appendix  which,  although  it  also  prevented  balloon  burst  due  to 
excess  overpressure  as  the  balloon  system  entered  float,  had  the  distinct  disad¬ 
vantage  of  ingesting  air.  This  ingestion  of  air.  caused  by  the  negative  pressure 
at  the  base  of  the  partially  Inflated  (ascending  or  descending)  balloon,  increased 
the  venting  back  pressure  and  presented  them. adynamic  problems. 

The  back  pressure  created  as  a  result  of  the  venting  process  wac  related  to 
the  bursting  pressure  of  a  sphere  with  a  diameter  equivalent  to  the  constructed 

PI 

diameter  of  the  balloon.  For  a  given  ascent  rate,  allowable  film  stress, 
inflatant,  and  constant  atmospheric  scale  height,  the  relationship  reduced  to: 


where 

2 

A  is  the  total  effective  duct  area  (ft  ) 

D  is  the  balloon  diameter  (ft) 

G  is  the  weight  of  the  displaced  air  (lb) 

FI.  University  of  Minnesota  (1954)  Progress  Report  on  High  Altitude  Balloons, 
Vol  DC,  Contract  No.  NONR-7l0(0U. 
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t  is  the  film  thickness  (mil) 

c  is  a  constant 

This  model  may  have  provided  needed  safety  margins  In  the  days  when 

polyethylene  balloon  seams  were  weak  and  frequently  unreliable,  but  today  the 

film  and  seam  strengths  are  high,  and  reasonably  indistinguishable.  Further, 

the  applicability  of  a  spherically  equivalent  stress  situation  at  the  maximum 

horizontal  diameter  is  precluded  by  the  meridional  stiffness  of  the  seams.  Even 

without  load  tape  fibers  the  seam,  backup  tape,  and  tape  casing  significantly 

F2 

influence  the  stress  and  the  stress  distribution  in  both  chamber  test  models 
and  in  computer  aided  balloon  stress  analyses,  *  Obviously  then  the  U  M  model 
cannot  accurately  represent  the  stresses  (due  to  venting)  in  today's  large,  tape- 
reinforced  tailored  polyethylene  balloons. 

Ignoring  the  U  M  stress  model  and  concentrating  on  the  overpressure  Itself, 
we  find  that  the  U  M  relationship  yields: 


A  P 


vV> 

Wo*2 


where 


A  P 

is 

V 

is 

V 

o 

is 

p 

is 

g 

is 

h 

o 

is 

A 

is 

2 

the  venting  overpressure  (lb/ft  ) 

3 

the  balloon  volume  (ft  ) 
the  ascent  rate  (ft/see) 

3 

the  specific  weight  of  the  inflatant  (lb/ft  ) 
the  gravitational  constant  (32. 1741)  (ft/sec“) 
the  atmospheric  scale  height  (ft) 
the  total  effective  duct  area 


(F2) 


For  very  small  venting  overpressure  and  equal  air  and  gas  temperature,  the 
specific  lift  of  the  gas,  b,  is  proportional  to  the  specific  weight  of  the  gas  and 
Eq.  (F2)  becomes: 


A  P 


0. 12608 


» ,2  2. 

V  v  b 

2ghoV 


(F3) 


♦Rand,  J.  L,  ,  private  conversation. 

F2.  Alexander,  11.,  and  Weissmann,  D.  (1972)  A  Compendium  of  the  Mechanical 
Properties  of  Polyethylene  Balloon  Films,  Scientific  Report  No,  2, 
Contract  F'l&62A-8§-C'-0069,  AFCftL-TS^0068,  AD  746678. 
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Differential  pressure  at  the  maximum  horizontal  diameter  of  a  fully  Inflated 
natural  shape  balloon  Is  the  product  of  the  specific  lift  and  the  distance  between 
the  height  of  the  plane  of  this  maximum  diameter  and  the  base  of  the  balloon. 

This  latter  distance  is  proportional  to  the  cube  root  of  the  balloon  volume.  The 
proportionality  factor,  kj,,  is  dependent  upon  the  value  of  E  applicable  to  the  In¬ 
flight  deformed  volume.  This  yields  the  relationship: 

A  P  =  o  kj.bV1/3  .  (F<1) 

where  a  Is  the  ratio  of  valving  back  pressure  to  the  pressure  at  the  maximum 
diameter. 

Without  yet  considering  the  stress,  we  can  relate  the  effective  valving  a^ea 
to  the  fractional  back  pressure  by  eliminating  A  P  between  Eqs.  (F3)  and  (F4)  to 
yield: 


A  dynamic  model  was  developed  to  evaluate  the  results  of  Eq.  (F5).  The  U  M 
appendix  flow  model  was  used  in  conjunction  with  the  hydrostatic  equation  to 
develop  the  dynamic  model.  Further,  it  was  assumed  that  the  ascent  rate  would 
be  constant,  the  air  and  gas  temperature  differential  would  be  constant,  and  the 
atmospheric  temperature  and  pressure  would  be  in  accordance  with  the  1962  U.  S. 
Standard  Atmosphere  model.  These  seemed  reasonable  on  the  basis  of  prellmi- 


nary  work  that  indical"d  that  the  pressure  would  peak  within  about  15  sec  after 
the  start  of  valving.  The  following  equations  constitute  the  dynamic  model: 

P2 

=  <P2  T2)r2  -f  ^(2gHu'M2)(P2T2(P2  -  Pj)) 

(F6A) 

P1 

’  -<V<u)(Pl  Tl)vo 

(F6B) 

T1 

V- 

(F6C) 

T2 

=  v  1.  , 

o 

(F6D) 

where 

P 

is  pressure  (lb/ft^) 
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T  la  temperature  (°R) 

L  la  atmospheric  temperature  lapse  rate  (°R/ft) 

2 

A  la  effective  duct  area  (ft  ) 

3 

V  la  balloon  volume  (ft  ) 

v  la  the  ascent  rate,  constant  (ft /sec) 

<"*  2 
g  ie  the  gravitational  constant,  32.  1741  (ft/sec  ) 

Ru  la  the  universal  gas  constant,  1545,31  (ft  lbj/°R/(lb-mol)) 

M  Is  molecular  weight  . 

The  symbol  .  denotes  a  time  derivative. 

Subscripts  1  and  2  refer  to  air  and  gas  respectively. 

Equation  (A-D)  was  solved  for  duct  area  fo  a  fixed  a  value  over  the  follow¬ 
ing  ranges  and  Intervals: 

altitude  -  70.  000  (10,  000,  V'',  COO  ft 

system  weight  -  2,  000  (1„000)  9,  000  lb 
ascent  rate  -  iO  (5)  20  ft/sec 

The  resulting  valving  areas  were  "ompared  with  ureas  computed  from  Eq. 

(F5).  Her  It  is  Important  to  note  that  the  atmospheric  scale  height  hQ  at  an 
altitude  Z  Is  tlie  distance  upward  from  that  altitude  to  the  point  where  the  atmos¬ 
pheric  pressure  is  reduced  by  one  half  of  Us  value  at  altltuue  and  that  h  Is 
not  consul  in  the  standard  atmosphere  model  -see  Table  FI).  This  variation 
was  included  In  Eq.  (F5)  computation*  and  the  ratios  were  constant  to  within  5 
percent. 


Table  FI.  Ratio  R  of  Currently  Used 
Duct  Design  Coefficient  to  Effective 
Coefficient  Derived  Using  Eq.  F7.  Z 
is  balloon  altitude  in  feet;  1'0  is  atmos¬ 
pheric  scale  height:  0  Is  atmospheric 
temp,  ratare  In  °C 


z 

h 

o 

6 

1* 

HOUOO 

142  30 

-52. 209 

3.99 

VOOOu 

1 4  4  20 

-49, 185 

3  .99 

lUuUO  U 

i.4620 

-46.165 

3.90 

1  ioooo 

14720 

-40.714 

3.90 

120UOO 

14600 

-32  27 J 

3.70 

i JOUuO 

15000 

-23. 640 

3.62 

140000 

15  320 

-15 .415 

3.  55 

1  Snout 

lbJnO 

-6. 996 

3.46 

ii'JOoO 

16720 

-2. 500 

3.47 

J.  KiuOO 

17780 

-2.  500 

J.  Cm) 
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Thus  while  the  U  M  stress  model  is  probably  conservative,  the  back  pressure 
model  appears  consistent  with  the  more  complex  dynamic  model  when  the  variable 
atmospheric  scale  height  Is  introduced.  One  apparent  question  Is  what  are  the 
consequences  of  admitting  changes  In  the  other  Input  variables.  This  analysis 
follows. 

The  current  duct  design  model  follows  directly  from  Eq.  (FI)  (Eq.  12  on 
page  II-3G  of  reference  FI).  The  value  of  the  Eq.  (FI)  constant  now  in  use  (s 
C  =  2.76E  -  05.  It  appears  to  represent  the  following  assumption: 

F  =  1,  the  fractional  bursting  pressure 
M  -  28.  8,  ingested  air  is  being  valved 
hQ  =  2,0E  +  04,  the  atmosphere  scale  height  (ft) 
vq  »  0.7,  the  ascent  rate  (kilo -ft /min) 

T  =  1G00,  film  strength  (lb/in^) 

The  equivalent  of  Eq.  (FI)  then  heroines: 


where 

D  Is  the  balloon  maximum  diamet  r  (ft) 
G  is  the  gross  inflat  io.i  (lb) 
t  is  the  film  thickness  (mil) 


Balloons  today,  with  the  standard  duct  design,  seldom  ingest  n  significant 
volume  of  air:  this  suggests  that  the  value  of  M  should  be  4  (helium)  rather  than 
28.8  (air).  Further  at  the  higher  altitudes  in  the  troposphere,  the  ascent  rate 


into  float  is  generally  on  the  order  of  500  ft  /nun.  Without  chnnging  F,  we  are 
left  to  determine  the  contribution  of  the  term  1/vTh  , 

Both  the  film  strength  T  and  the  scale  height  hQ  are  functions  of  altitude,  hQ 
directly  and  T  because  it  is  a  function  of  temperature  tha*  varies  with  altitude. 


Substituting  the  values  of  l.  0.  5.  and  4  for  F.  \ 

I  .>9 

approximating  tensile  strength  by  the  model 


o’ 


and  M  respectively. 


and 


T  =  1793.  75  -  30.  9375  0 


<F8) 


where  8  is  the  atmospheric  temperature  in  degrees  centigrade,  we  can  compare 
the  equivalent  value  of  C  with  the  current  value,  2.7*>K  -  05.  Table  FI  gives  the 
results .  It  shows  that  with  the  conservative  stress  analysis  based  on  the  assump¬ 
tion  of  sphericity,  the  present  duet  areas  are  about  3.75  times  the  minimum 


I 

i 


effective  area.  This  corresponds  to  an  effective  duct  diameter  that  Is  about  one 
half  of  the  constructed  duct  diameter  (a  recommendation  found  In  the  U  M  work). 
The  U  M  recommendations  are  applicable  to  duct  diameters  of  a  few  feet  and  may 
be  too  conservative  when  using  diameters  of  14  ft. 

How  conservative  the  present  U  M  model  is  we  do  not  know,  but  a  sound 
engineering  basis  for  duct  design  must  ultimately  depend  on  a  sound  analysts  of 
the  stresses  and  strains  in  the  balloon  shell  and  the  tapes  at  celling  altitude. 
Needless  to  say,  adequate  tape  and  biaxial  film  characterization  are  Implicit  In 
any  such  model. 

Whether  or  not  significant  saving  in  weight  can  be  made,  the  use  of  many 
small  ducts  as  opposed  to  significantly  fewer  large  ducts  means  potential  degra¬ 
dation  of  very  thin  film  balloons  due  to  excessive  production  handling  during  the 

2  2 

hand  installation  of  the  ducts.  The  use  of  150  ft  ducts  in  place  of  40  and  50  ft 
ducts  on  the  very  large  balloons  now  using  8  to  10  ducts  can  reduce  the  number 
of  ducts  in  some  cases  by  four  or  more;  for  example,  model  SV-022  has  l  ight 

n  2 

40  ft''  ducts.  Four  ducts  of  110  ft  each  would  provide  one  duct  in  excess  of  the 
required  area  at  a  saving  of  four  ducts;  the  bulloon  shell  was  0.45  mil  thick. 

Tables  F2  and  F3  coir  'are  some  existing  balloon  duct  designs  with  the 
results  of  Eq.  (FI)  (for  C  !.  7(>E  -  05)  and  Eq,  (FT)  Increased  by  a  factor  of 
3.75. 


Table  F2.  Duct  Area  Comparisons.  "WEIGHT"  Is  the 
weight  of  the  balloon.  Under  "TOTAL  DUCT  AREA", 

I  represents  the  as  built  area,  II  represents  the  solu¬ 
tion  using  Eq.  FI,  and  Ill  represents  the  solution  using 
Eq.  F7 


MoLlL  u  riO 

VOLUHL 

tt3 

WEIGHT 

lbs 

TOTAL 

I 

tt2 

DUCT 

II 

tt2 

AREA 

tt2 

3V-001A 

5033809 

1340 

120 

107 

38 

8V-002 

2661176 

1070 

120 

6b 

61 

SV-0G4 

30272377 

15  30 

500 

372 

362 

8V-005 

10570059 

1335 

160 

169 

153 

SV-006 

26600000 

2695 

400 

452 

427 

3V-UU7 

6677900 

2470 

180 

189 

17  2 

8V-0G8 

8740000 

2403 

300 

208 

191 

JV-009 

10578059 

2150 

200 

180 

166 

3V-010 

37736556 
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600 
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463 

Oil 

45380000 

2830 

600 

563 

546 

Sv-012 

21770000 

1700 

300 
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273 

Jv-014 

18600;i00 
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300 
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JV-015 

2 16  30  0 J  U 
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4  CO 

375 
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SV-U16A 

11620000 
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203 
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1600 

120 

120 

111 

sv-oia 

3  68  5BoG 

560 

80 

82 

75 

SV-019 

5136000 

1470 

120 

117 

108 

3V-U20 

11617429 

1240 

200 

221 

207 

oV-021 

47815660 

1772 

600 

538 

579 

3V-U22 

28694910 

1460 

320 

373 

358 

LTV-001 

13486530 

1425 

200 

171 

162 

LTV-002 

4<349b64 

740 

100 

67 

62 

LTV-003G 

2945571 

1110 

75 

51 

47 

LlV-005 

642729 

356 

40 

10 

9 

Ll‘V-006 

5033809 

1120 

120 

91 

S3 

LTV- 007 

2012003 

800 

6G 

35 

33 

LfV-008 

273600 

23  3 

18 

6 

6 

LTV- (JO  9 

516000 

340 

20 

1L 

9 

LTV- 01 03 

859000 

440 

40 

15 

13 

LTV-0 1 1A 

1840000 

525 

6o 

31 

29 

LTV-0 1 2 

4390000 

925 

71 

65 

61 

LTV-0 13A 

2900135 

995 

oO 

52 

A  Q 

LTV -01 4 

2003675 

1030 

50 

40 

J  / 

LTV-0 1H 

355000 

260 

20 

9 

8 

LI  V-019 

623000 

360 

30 

13 

12 

1.  TV-020 

14  5u  26 

133 

10 

3 

3 

LTV-0 21 

204965 

200 

20 

6 

5 

LTV-0  2  2 

449183 

2J0 

20 

9 

8 

LI V-02 3 

1575005 

340 

40 

28 

26 

LTV -024 

1  110000 
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50 

20 

18 
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Table  F3.  Duct  Area  Comparisons.  "WEIGHT"  Is  the 
weight  of  the  balloon.  Under  "TOTAL  DUCT  AREA", 

I  represents  the  as  built  area,  II  represents  the  solu¬ 
tion  using  Eq.  FI,  and  III  represents  the  solution  uelng 


MUU&L  HU 

V'JLiUi'lt 

£t3 

WEIGHT 

lbs 

TOTAL 

I 

ft* 

DUCT 

» 

AREA 

III 

it.2 

LTV-026 

2369069 

800 

50 

47 

43 

SE-001 

3016600 

318 

60 

57 

53 

SP-003 

711460 

780 

40 

25 

21 

SV-500 

26035893 

2588 

500 

469 

441 

SV-501 

27988324 

3416 

600 

532 

494 

SV-S02 

29008952 

2470 

625 

529 

50  2 

SV-503 

33325200 

3041 

62  5 

575 

347 

SV-5G4 

25690000 

2113 

500 

456 

433 

SV-50  5 

25980000 

2607 

500 

476 

448 

SV-506 

28048674 

4507 

600 

580 

533 

SV-507 

25840000 

1939 

500 

401 

383 

JV-508 

28463000 

2853 

600 

535 

501 

SV-509 

30390000 

4650 

600 

590 

542 

SV-510 

31210000 

2733 

600 

598 

566 

SV-511 

31154200 

2  376 

600 

52U 

495 

SV-512 

30820000 

2541 

500 

481 

458 

SV-513 

33120000 

2425 

600 

582 

552 

SV-514 

31150000 

2800 

500 

529 

50  3 

SV-515 

33500000 

4300 

600 

580 

534 

SV-516 

31650000 

2116 

600 

475 

454 

SV-517 

34090000 

3732 

600 

575 

540 

SV-518 

34311500 

4306 

7  50 

668 

620 

SV-519 

37780000 

2070 

700 

600 

57  6 

SV-520 

36100000 

2235 

600 

506 

48  8 

30-521 

39590000 

5064 

800 

760 

704 

SV-523 

45840000 

3089 

800 

789 

751 

SV-524 

47012000 

4064 

1000 

966 

914 

SV-525 

70700000 

2974 

1200 

1128 

109  3 

SV-527 

30500000 

2498 

500 

476 

453 

SV-523 

36700000 

2478 

500 

568 

54  4 

SV-529 

50310000 

2956 

800 

732 

703 

SV-530 

52600000 

32  28 

900 

839 

802 

SV-531 

26400000 

2706 

500 

4  48 

42  2 

SV-532 

35850000 

2083 

400 

465 

450 

SV-533 

36360000 

2600 

500 

577 

552 

SV-535 

46090000 

2937 

700 

686 

658 

SV-536 

30160000 

1355 

400 

359 

347 

SV-522 

42500000 

5000 

7  50 

744 

700 

SV-526 

33100000 

3660 

600 

514 

483 

3V-534 

33859500 

2000 

500 

490 

473  I 

Appendix  G 

Program  "DESIGN  II" 


Gl.  DESCRIPTION 

This  program  takes  balloon  mission  requirements  and  develops  therefrom  a 
balloon  system  including  ihc  balloon  design,  tin  required  ballast  weight,  and  the 
size  and  weight  of  the  required  parachute.  Values  of  pre-launch  static  stresses 
and  the  "shock  index"  (see  dynamic  loading  index.  Section  5.2)  are  output  for 
comparison  with  current  design  allowables,  and  the  option  to  redesign  and  change 
film  thicknesses,  load  tape  factor,  and  maximum  gorewidth  is  offered.  If  the 
loadings  are  acceptable,  the  design  and  stress  analysis  data  and  a  table  of  payload 
and  altitude  are  output. 


G2.  METHOD 

The  program  assumes  a  balloon  weight,  computes  the  shape  from  the  relation¬ 
ship  between  the  shape  (II)  and  the  balloon  w  eight  -payload  weight  ratio,  recomputes 
the  balloon  weight  from  the  input  and  the  computed  shape,  compares  the  two 
balloon  weights  and  reiterates  the  process  if  the  weights  are  not  within  tolerance. 

In  the  reiteration,  the  computed  balloon  weight  is  substituted  for  the  assumed 
weight.  The  shape  characteristics  are  computed  using,  for  the  most  part,  sixth 
degree  polynomials  derived  from  Smalley's  tables. 
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The  analyses  of  stresses  are  based  on  variations  of  Alexander's  approach 
(Appendix  D)  and  refinements  of  Webb's  materials  characterization  (Appendix  E). 
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G3.  SPECIAL  CONSIDERATIONS 

The  following  assumptions  underly  the  solution  process: 

a.  1982  U.S.  Standard  Atmosphere 

b.  500  ft/min  ascent  rate  when  venting  through  ducto 

c.  23°C  launch  temperature 

o 

d.  1004  lb/in  safe  stress  level 

e.  60-min  stress-strain  relaxation  time 

f.  12  percent  free  lift 

•i 

g.  0.0559  lb  /  ft  specific  lift  of  helium  at  launch 

h.  0.005  lb/ft“/mil  balloon  film  weight  factor 

G4.  SYSTEM 

This  program  is  written  in  BASIC  programming  language  and  is  configured 
to  run  on  an  HP9830A  (3Pd8  word,  Read-Write  Memory)  with  an  HP9871A  impact 
printer. 


G5.  OPERATION 

The  program  is  stored  in  two  parts  on  cassette  number  4,  files  21  and  22. 

File  21  contains  the  input  and  design  and  analysis  sections  and  file  22  the  output 
statements.  The  twc  files  are  connected  by  a  "link"  command  that  is  automatically 
activated  by  the  program. 

a.  Press:  LOAD,  type:  21,  press:  EXECUTE 

b.  Press:  RUN  EXECUTE 

c.  The  display  reads:  ALT ?  Type  in  the  design  floating  altitude  in  feet,  for 
example,  100000.  press:  EXECUTE 

d.  The  display  reads:  MIN,  DSGN,  MAX?  Type  in  the  minimum  payload,  the 
design  payload  and  the  maximum  payload,  each  in  pounds,  for  example,  1000, 

2000,  5000.  press:  EX ECUTE  .  Note  that  the  design  payload  can  be  assumed  to 
include  the  weights  of  ballast  and  parachute,  in  which  case  the  entry  must  be  an 
integer.  If  it  is  required  that  the  design  payload  be  instrumentation  only  and  that 
ballast  and  a  parachute  be  computed,  then  the  design  payload  should  be  entered 
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as  the  integer  part  of  a  mixed  number,  such  that,  where  P9  Is  the  code  for  the 
design  payload,  P9  *  INT<P9).  The  function  INT  (X)  computes  the  Integer  part 
of  the  number  X.  If  the  design  payload  was  entered  as  an  Integer,  then  the 
machine  will  skip  (e)  and  respond  according  to  (f)  following. 

e.  The  display  reads:  %  HLST,  CHUTE  VEL?  Type  in  the  total  ballast  as 
a  fraction  of  the  system  weight  (see  Section  2.3)  and  the  allowable  terminal 
velocity  of  the  recovery  parachute  in  ft/sec,  for  example,  0,25,  20,  press* 
EXECUTE 

f.  The  display  reads:  SHELL,  CAP?  Type  in  the  shell  film  thickness  and 
the  cap  film  thickness  each  in  mils,  for  example,  1.5,  0.  press:  EXECUTE  . 

If  the  cap  thickness  entry  is  0,  then  the  design  will  proceed  to  yield  an  uncapped 
balloon. 

g.  The  display  (after  a  brief  computation  time)  reads:  LCK5),  QCK101)? 

Type  in  the  ratio  of  total  load  tape  strength  to  tape  load  at  the  apex  at  float  alti¬ 
tude  for  the  maximum  payload  (normally  five  for  the  first  estimate)  and  the 
allowable  maximum  gorewidth  in  inches  (normally  101),  for  example,  5.  101. 
press:  EXECUTE  .  After  a  significant  computation  time,  the  printer  will 
output  the  following  names  and  their  corresponding  values:  SIGMA,  SHOCK 

INDEX,  STHAIN  (meridional  and  circumferential),  STRESS  (meridional  and 

2 

circumferential  in  lb/in  ),  %  TAPE  STRENGTH  (for  pre-launch  loading),  LO, 

QO,  TO  (shell  thickness  in  mils),  and  T7  (cap  thickness  in  mils). 

h.  The  display  reads:  SHELL  (OK-O)  &  CAP?  Type  in  the  new  thicknesses 
in  mils  for  the  shell  and  the  cap,  for  example,  1.2,  0.  press:  EXECUTE  .  Any 
entry  for  shell  thickness,  other  than  0,  causes  the  program  to  reiterate  and 
requires  new  inputs  beginning  at  (g).  Thus,  the  film  thicknesses  can  be  changed 
or  they  can  remain  the  same  (re-entered  under  this  step)  and  the  stresses  reduced 
by  increasing  the  value  of  LO  or  reducing  the  value  of  OO,  (or  both)  under  the 
reiterated  step  g.  If  the  entry  for  the  shell  thickness  is  0  and  the  entry  for  the 
cap  thickness  is  any  arbitrary  number,  file  22  is  automatically  linked  and  the 
design  and  loading  analysis  data  output.  In  addition,  a  performance  table  of 
payload  and  attitude  and  the  design  point  [for  use  with  Eq.  (2) |  is  output. 
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1000  REM  "uESIUN-II (A) "  (CF  4.21  82JUL29) 


1010  HEM  TE.IP-2  3J,  STRAIN  TIME-60  MIN 

1020  MEM  FLOAT  ENTRY  SPEEO-500PPM,  FREE  LIFT-124 

1030  ulM  Aid)  ,E  IV, 2]  ,0  14,7] 


1040  MEM  (Acap/A) -FCN (SIGMA, K) 

10 JO  data  -0.195390093,-0.952989499,0.819023089,0. 5812118 94 ,-1.633868387 
10 o 0  DATA  1.118915175,-0.248342045,0.19664587,4.644420  949,-3.2484112  5 
1070  DATA  -3. 472d 93627, 7. 2 32507341, -4. 2593 34618, 0.785900199, 3. 383282482 
1080  OATA  -6.630204025,4 .076038773 ,5 . 564315562,-10. 05391706 ,5. 404091207 
1030  DATA  -0.859152769,-2.398958901,2.952718136,-1.645782348,-2.706391858 
1100  DATA  4.499006036,-2.28485346,0.325235255 
1110  REM  STU.  ATM. 

1120  uATA  9, 1013.25, 0,288. 15, 11, 216. 65, 20, 216. 65, 32, 228. 6 5, 47, 270. 65 
1130  OATA  52,270.65,61,252.65,79,180.65 
1140  MEM  SIGMA-FCn(W/P) 

1150  OATA  0,0.375469014941,-0.061  44739632,0.0179374540922 

1160  OATA  -1. 8397229 386 4E -03, 2. 25 9 26 21792 38-04,-1.4 64 178718148-05,6 

1170  MEM  ( V/S"3 ) -FCN (SIGMA ) 

1180  OATA  0 .12605508 ,0.0613741098  51,-8.  63 9073974548-03,-0. 09*^740 35 3 
1190  OATA  0 .080087807233,-6 .06802282178-03,-0. 0101107457963,6 
1200  REM  (A/S "2) -FCN < SIGMA) 

1210  OATA  1.235984785,0.3889874254,-0.048794261,-0.374649865 
1220  OATA  0.1451693335,0.196113802,-0.1170171769,6 
1230  REM  (T/G) -FCN (SIGMA) 

1240  OATA  1.560420909,-0.798290024,-0.036815992,0.640557679,-0.318218061 
1250  OATA  0.012582683,0,5 
1260  REM  (R1/S9)-FCN< SIGMA) 

1270  OATA  0. 2d 202, 0.135 57, 0.73 19, -3. 34086,6 .20111,-5.42733, 1.81098 ,6 


12d0  MAT  READ  U 

1290  MAT  REAO  E 

1300  FORMAT  6 

1310  FORMAT  2d 

1320  NRITE  (1 5 ,1310 ) 27 , 84 ; 

1330  RAD 

1340  U-0.0659 

1350  uO-O 

1360  SO- 1004 

1370  Nl-0.679 

1380  TO-9.8 

1390  W 0-0 .005 

1400  W9-1000 

1410  U 7-Fd-VO-O 

1420  DISP  "ALT. " j 

1430  INPUT  HO 

1440  LISP  "MIN,  DSGn,  MAX  "| 
1450  INPUT  F0,P9,P 
1460  P 3-P 
1470  P5-P0 

1480  IF  P9  >-  P0  THEN  1510 
1490  P9-0 
1500  GOTO  1530 
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1000  RfiiH  "DESIGN- 1 1 ( A) "  (CF  4.21  82UOL29) 


1510  IF  P9*li«TF9  THEN  1560 
1520  P5-INTP9 

1530  UlSP  "*  iiLS'1',  CHUTE  VEL  "t 
1540  INPUT  F 0 ,  V  0 
1550  D7-O.U90278-U.OU28*\/u*2 
1560  UlSF  "SHELL,  OAF  "} 

1570  INPUT  T6,T7 
1580  T8-T6+T7 
1590  H8-FNAH0 

1600  C 8*1 79 3. 7 5-3 0.9 375* H2 


1610  K3-K4-K9-R7-0 
1620  K6-1280 

1630  K2*FNA (HO-6 ) -FNA( HO+5 ) 
1640  F*rf0-15000 
1650  K1“FnAF-2*H6 
1660  K7“FNl(-.<1  ) 

1670  IF  K6<10  THEN  lo90 
1680  IF  K7 *2  THEN  1650 
1690  28-HO-F 


1700  N1-NS-0 

1710  P8*IWTP9 

1720  UISP  " LO (5 ) r UO ( 101 ) “  ; 

1730  I d PUT  60, GO 
1740  W8*N9 

1750  IF  P9>0  AnO  P9»iwTP9  THEN  1820 
1760  W5-F8* (W8+P5)/(l-F8) 

1770  IF  VO-O  THEN  1810 

1780  R7* ( 1 . 5694-SUR (2 . 46  32-4*D7* (52.778+P0+W5) ) J/D7/2 
1790  Wl-O. 090278* K7 *2-1. 5694*R7+52. 778 
1800  W5«F8*(rt8+P5+Wl)/(l-F8) 

1810  P8-P5+W1+W5 
1820  RESTORE  1150 
1830  Y9*W8/ (P0+N1) 

1840  Zl*FNE (LOG (1+Y9 ) ) 
l<i 50  Vl-FNEZi 
;<>■)  RESTORE  1150 
i 0  M 2“FNE (LOU (1+N8/ P8) ) 

1080  V2-FNE22 

1890  IF  P>0  THEN  1910 

1900  P3-P8 

1910  RESTORE  1150 

1920  23*FNE (LOG (l+*»8/P3 ) ) 

1930  V3-FNEZ3 

1940  S8* ( ( (Wu+PO+Wl )/Vl+ (P8-P0-W1)/0.12605)/S8) *(1/3) 
1950  R«3*  (1.12*V3*H8/s) *(1/3) 

1960  R8-0  .Q07+(Vl-0.095*SuR(Vl/0.13))  "  (1/3) 

1970  RESTORE  1210 
1980  S-FNEZ1 

1993  W7«W0*T7*FNC(K)*S*S8"2 
2000  n6-W0*T6*S*S8“2 
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1000  REM  "UBSIGN-Il (A) "  (CF  4.21  82JUL29) 


2010  U-1+1NT(24*P1*S8*R8/U0) 

2020  L«25*INf(l+i.0*PNtil*  (W8+P3 )/(j/25> 

20 JO  H2-1M  T{0. 5  + (0 .00279879+0. 0000098  37*M*Q*S8 ) 
2040  A5-97.36* (<R8*S8) *2)*SQR( (P+W8)/C8/T8)/Z8 
2050  P7-rf8/Y9 

2060  0* (  (N8+P7  )/Vl+ (P-P7  )/0.12605)/a0*3 

2070  V8-(*»8+P)/U 

2080  MO- 150 

2090  U1-2+ IN C< A5/M0) 

2100  IP  Ul~l  <-  6  THEN  2130 
2110  M0-2.25+M0 
2120  GOTO  2090 
2130  M0-A5 

2140  A5-10*INT(l+A5/10/(Ul-l) ) 

2150  X8-0. 425*88 

2160  W4-l.l*Ul*T6**iO*X8*SGR(4*Pl*A5) 

21/0  ri3-0. 047 5*S6 

2180  09* (U*58*W0/12) * (T6+R+T7) 

2190  L8-0 d-0 

2200  IP  68015  i'HbiX  2230 
2210  08-l+lkl(S6* (1-K) -5) 

2220  06-8*W0*L8 

22 JO  rt9-30+U8+09+«<2+rf3+w4+*')6+w7 
2240  IP  AdS (W9-W8) >0.01*W8  THEN  1740 
2250  W8-w9 


2260  W9-2*PI*S6*R8/U 
2270  1'-Td/120  00 
2280  G-1.12* (W8+P3) 

2290  RESTORE  1150 
2  JO0  E-PrtE (LOG (1+W8/ (G-W8 ) ) ) 

2310  V-PNEZ 

2320  89-S8* (0. 897455-0. 23248 5* 1GT( (S6*3' ‘B*V/G) ) 
2  330  RESTORE  12  70 
2340  K1»S9*FNEZ 

2350  P-  <  t.XP  Z-EXP  (-Pi))*  (  (G-W8 )  *(l/3))*(H"(2/3)) 
23to0  W-2*Pi*0.17*S9/G 
2370  RESTORE  1240 
2380  Y-P'mEZ 

23*0  U2»S8*(G*«M)/To/T6 
2400  PO-0 .71o*Y*„" 


2410  K9-K4-KJ-0 

2420  K2-0. 000000001 

2430  Al-L*T0/T/tf 

244  0  A2-Al*o0+i' O/g/T/W 

2450  A4-P*kl,  T 

2460  E0-A2/A1 


1000  REM  "DESIGn-11 (A) "  (CF  4.21  82JUL29) 


2470  K6-0.999998*E0/10 
2490  El-O.OOOUOl*t.O 
2490  Fl-A2-A1*E1 

2500  E3-144*6608*fcl“ (- (27+EOGE1 )/ll 5) 
2510  E2-((1-N1*'2)*H-E1*E3)/M1/E3 
2520  IF  E2 >0  THEN  2550 
2530  Kl-1 
2540  GOTO  2630 

2550  E4-144*6608*E2" (- ( 27+HOGE2) /II 5) 
2560  F6-(A4-F1)/(E4*R1* (E2+n1*P1/E3) ) 
2570  F7*  (1+El)  *F6*W/2 
2580  F9»F7*  (1+E2)/(1+E1) 

2590  F7»ATN(F7/SQR(1-F7'2)) 

2600  IF  K9>0  THEN  2620 
2610  F2«SGn(F7-F9) 

2620  K1-F2*  (F9-F7) 

2630  F-El 
2640  K7*FNi<Kl 
2650  El«F 

2660  IF  K7*2  THEN  2490 


2670  R2-1/F6 
26 80  Sl«Fl 

2690  S2-E4* (E2+n1*S1/E3) 
2700  U1-E3*  (El+nl *32/6*  j 
2710  U1«A8S(  (Ul-SU/Sl) 
2720  Hl-TO* (El-OO) 


2730  FIXED  5 

2740  FRINT  "SIGMA:  "2 1 

2750  FRINT  “SHOCK  INDEX:  "02/lE+Oo 

2760  FK1NT  "STRAIN  (M  6  C) :  "El,E2 
2770  FIXED  0 

2780  FRINT  "STrESS  (M  4.  C):  "Si/144  ,o2/144 

2790  FRINT  "*  1AFE  STRENGTH:  "100*Bl 
2600  FIXED  2 

2810  FRINT  "Iaj»"L0" UO“ “vjO"T6«"i’o"T7 *"T7 
2820  FRINT 


2d30  ulaF  "SiiEeL(uK»U)  6  CAF  "j 

2640  INFOT  Cl*02 

2650  IF  Ci-0  THEN  2600 

2db0  To “Cl 

2o70  T7-C2 

2680  T0-TO+T7 

2660  GOTO  1720 

2900  WRITE  (15,1300)12 

2910  DINK  22,1330,1330 
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1000  REM  "DESIGN— II  (A)  "  (CF  4.*l  82JUL29 ) 


2920  DEt  Ne(X1) 

2950  KbM  HI  NARY  CHOP 
2940  K9-K9+1 

29 SO  IF  AaSXl  <-  K2  THEN  301)0 

29o0  IF  Kl  >0  THEN  2990 

2970  K3-K5-1 

2900  GOTO  3010 

2990  K5--1 

3000  x4»l 

3010  K6-K6/ (K3+K4 ) 

3020  F-F+K5+K6 
3030  RETURN  2 
3040  STOP 
3030  K3-K4-0 
3060  RETURN  1 


3070  UEF  FNA(A) 

3030  REM  ATMOSPHERE 
3090  Cl -6356766 
3100  C2-0. 3043037 
3110  C3-34. 163195 
3120  C4-0. 0217434 
3130  C5-0. 8618105 
3140  Hl-E [ 1 f 2 ] 

3150  X-C2+A 

3160  X-0. U01*C1*X/(C1+X) 

3170  FOR  1-2  TO  Ell,l) 

3180  J-i 
3190  Fl-0 

3200  IF  ElI+l,2)>E(l,2)  THEN  3220 
3210  Fl-0. 0001 

3220  F3=<F1+Et 1+1,2) -El  1,2)) /(El 1+1,1) -Ell 
3230  IF  X<E l 1+1 ,1 )  THEN  3260 
3240  Hl-ril*  <<Ell,21/(Fl+EUvlf2)))*(C3/F3)) 
3250  NEXT  1 

32o0  H2-b  IJ , 2) +F 3+ (X-E ( J,  1)  ) 

3270  Hl-ril* ( (E IJ , 2 1 /H2) * (C3/F  3) ) 

3230  H4-C4*hl/ri2 
3290  H3-C5+H4 
3300  Hl-2 .08858+ril 
3310  H2-H2-273.16 
3320  KETUHN  (H3) 

3330  STOP 


3340  OEF  FNE(X) 

3350  RbM  POWER  SERIES 
3560  MAT  READ  A 
5370  Y-All] 

3380  FOR  1-1  TO  A 18) 
3390  Y-Y+Al 1+1) *X  *1 
3400  NEXT  1 
3410  RETURN  Y 
3420  STOP 


106 


1330  REM  "DESIGN-11  (B)  '*  (CP  4.22  82JUL30) 


1340  HEM  BALLOON  DESIGN,  LAUNCH  STRESS  ANALYSIS  AND 
1350  REM  PERFORMANCE  TABLE  FOR  EST.  BALLOON  WEIGHT. 


1360 

PRINT 

"Output  from  'DESIGN-1 1 (A)  '  (CF  4.21)* 

1370 

FIXED 

0 

1300 

PRINT 

1390 

PRINT 

"TARGET  MIN.  PAYLOAD 

“P0+W1 

1400 

PRINT 

"MAXIMUM  PAYLOAD 

"P3 

1410 

PRINT 

"DESIGN  PAYLOAD 

*P8 

14  20 

PRINT 

"ALT.  FOR  DSGN .  PAY. 

“HO 

1430 

PRINT 

1440 

FIXED 

5 

1450 

PRINT 

"SIGMA 

"21 

1460 

FIXED 

2 

1470 

PRINT 

"SHELL  THICKNESS 

"T6 

1480 

PRINT 

"CROWN  THICKNESS 

"T6+T7 

1490 

PRINT 

"DUCT  AREA 

"  A5 

1500 

FIXED 

0 

1510 

PRINT 

“number  of  ducts 

"Ol 

1520 

FIXED 

0 

1530 

PRINT 

"DUCT  lower  lip 

"X8 

1540 

PRINT 

1550 

PRINT 

"VOLUME  (MAX.) 

"  V 1*  SB  “  3 

1560 

PRINT 

"VOLUME  (MIN.) 

"  V8 

1570 

PRINT 

1580 

PRINT 

"BALLOON  WEIGHT 

"W8 

1590 

PRINT 

“SHELL  WEIGHT 

"W6 

1600 

IF  T7- 

'0  THEN  1620 

1610 

PRINT 

"CAP  WEIGHT 

"W7 

1620 

PRINT 

"TAPE  WEIGHT 

"W2 

1630 

PRINT 

"SEAM  WEIGHT 

"U9 

1640 

PRINT 

"DUCT  WEIGHT 

"W4 

1650 

PRINT 

" MISCELLANEOUS  WEIGHTS  "30+U8+W3 

1660 

FIXED 

2 

1670 

PRINT 

1680 

PRINT 

"GURELEnGTH 

"S8 

1690 

PRINT 

"GORE  WIDTH 

"W9 

1700 

PRINT 

"MAX.  DIA. 

"2*R8*S8 

1710 

PRINT 

1720 

FIXED 

0 

1730 

IF  Ld- 

'0  THEN  1750 

1740 

PRINT 

"SLEEVE  LEnGTH 

"L8 

17  50 

iP  T7« 

•0  THEN  1780 

1760 

FIXED 

2 

1770 

PRINT 

"CAP  LENGTH 

“R*S8 

1780 

FIXED 

0 

1790 

PRINT 

"NUMBER  OF  GORES 

"O 

1800 

print 

"TAPE  STRENGTH 

"L 

T 


1330  RtiM 


UESIGN-II <B) "  (Cl?  4.22  B2JUL30) 


1810  it'  R7-0  THEN  1850 

1820  PRINT  "CHUTE  DlA. 

1830  PRINT  "CHUTE  WEIGHT 

1840  PRINT  "CHUTE  SPEED 

1850  It  F8-0  THEN  1870 

1860  PRINT  "BALLAST 

1870  PRINT 

1860  PRINT 

1880  PRINT 

1800  PRINT 

1810  PRINT 


"2*R7 

"Wl 

"VO 

"Wb 


1820 
1830 
1840 
1850 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
20  30 
2040 
2050 
20  oO 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
21o0 


PRINT 

PRINT 

PIXEL) 

PRINT 

PIXEU 

PRINT 

PIXEU 

PRINT 

PIXEU 

print 

PIXED 
PRINT 
PRINT 
PIXEU 
PRINT 
PIXEU 
PRINT 
PIXEU 
PRINT 
PRINT 
PRINT 
p  LU  AT 
PRINT 
PR  InT 
PRINT 


MER1U. 
"  El « E  2 


CIRC." 


"STRAIN  (UlN) ! 

"SEC.  MOO.  (PSl)t  "E3/144  ,E4/144 
2 

"RAUiUS  (PT)  t  "R1,R2 

0 

"STRESS  ( PSI ) i  "Sl/144 ,S2/144 

"%  SAFE  STRESS!  " Sl/30/1 .44 ,S2/S0/1 . 44 

3 

“SHOCK  InuEX  (PT*LB/IN“2)  t"U2/lK+0b 

0  .  .. 

"TAPE  LOAD  (LB) !  Si* L 

2 

" «  MAX  TAPE  LuAui  "100*01 


"KEL.  ERROR  IN  STRESS! 


‘01 


2170  P7-N8/Y9 

2180  U2-B7-(P7+N8)/(V1*S6  3) 
2190  GOSUB  2800 
2200  PRINT  "u&sign  point" 
22.V0  PRINT  "PAYLOAD-  "P7 
2220  PRINT  "ALTITUDE-  "y0 
2230  PRINT  "SP.  LlPT-  >2 
2240  WRITE  (15,1300)12 
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1330  REM  "uESIGN-11  1  ti )  *  (CP  4  .  22  62001,30) 


2250  PIXEO  U 

2260  PRINT  "PA7LOAU  AETITUOE" 

2270  PRINT  "  (lbs)  (test)" 

2200  PRINT  P7 , K0 

2290  P0-100*  (1+1N'1'(P7/100)  ) 

2300  PGR  P-PO  TO  PJ  STEP  100 

2310  b2“O7+(P-P7)/(S0*3)/0 .1260b 

2320  GOSOti  2000 

2330  PRINT  P ,K0 

2  340  NEXT  P 

2350  WRITE  (15,1300)12 

23o0  STOP 


2370  OEP  PNL(Kl) 

2300  REM  SlWART  COOP 
2390  K9-K9+1 

2400  IP  AUSK1  <-  K2  THEN  2500 

2410  IP  Kl>0  THEN  2440 

2420  K3-K5-1 

2430  GOTO  2460 

2440  K3  — 1 

2450  K4»l 

2460  K6-K6/ (K3+K4 ) 

2470  P-P+K5*K6 
2480  RETORN  2 
2490  STOP 
2500  K3-K4-0 
2510  RETURN  1 


2520  UEP  PNA(A) 

2530  REM  STANUARU  ATMOSPHERE  . 

2540  C1-635G700 
2550  C2-0. 3048037 
25o0  C3-34 . 183195 
2570  04-0.0217484 
2560  C5-0. bolHlOs 
2590  Hl-E (1 ,2 1 
2600  X-C2*A 

26 10  X-0. U01*Ci*A/(Cl+A) 

2o  20  POR  1-2  TO  E  (1,1) 

2630  J«*l 
2&40  PJ.-O 

2630  IP  E U  +  l  ,2) #E  11, 2)  THEN  2670 
2660  Pl-0.0001 

2o70  P3“(Pl+Ell+l,2)-Ell,2|)/{E(l  +  i,l|-E  U,1J) 

2680  IP  X<E  ( 1  +  1 ,1 1  THEn  2710 

2690  ril-Hl* ( (E( 1 ,2  J /(Pi +u (1+1 , 2 ) ) ) ' (C3/P3) ) 

27  00  NEXT  I 

2710  H2-E ( J , 2 J  +  P?fc (X-e  lo , 1 ) ) 

2  7  20  Hl-Hl*  ( (E  lO,2J/H2)  “  (C3/P3)) 

2/30  H4-C4*H1/H2 
2740  H3C5*H4 
2750  ril-2 .Ud356*ul 
27&0  H2-n2-273.16 
2770  RETORw  (03) 

2  7  do  SToP 


no 


1330  HJirt  "U£.510n-IX  (0)  "  (Ct  4.22  82JUOJU) 


2/9 0  Ki,M  ALT-t'CW  (at  bit"!') 

28  00  K3-K4-K9-U 

2810  K(j»lJdU 

2 U20  t-00+20000 

2d  JO  K2“tff(A  (tf-lu)  -t\*A  (t +10) 

2840  Kl-tNAF-t>2 

2d  SO  K7»FwL(-Kl) 

2doO  it'  Kb<10  i'ri htM  2odO 
2d 70  If  K7-2  THtlri  2d40 
2880  KO-t 
2890  RKTuKa 

2900  tirtU 


Appendix  H 

Table  of  Existing  Designs  Used  in  Study 


In  the  following  listings,  the  headings  are  to  be  Interpreted  as  follows: 


Heading 

Dimension 

Meaning 

Model 

- 

AFGL  Assigned  Model  No. 

Volume 

FT3 

Balloon  Maximum  Volume 

Rated 

LB 

Maximum  Payload/rater 

Flown 

LB 

Maximum  Tested  Payload  (Successful) 

Fit  no. 

- 

Reference  for  "Flown"  Assigned  In  AFGL  Records 

Gorlen 

FT 

Go  relength 

Sigma 

- 

Natural  Shape  Number 

Ref 

- 

Sigma  Table  Source 

Area 

FT2 

Duct  Area  (each) 

DLEN 

FT 

Distance  from  Nadir  to  Duct  Ellipse 

DNO 

- 

Number  of  Ducts 

Tapes 

LB 

Rated  Tape  Strength 

Gores 

- 

Number  of  Gores 

Wall 

MIL 

Gore  Film  Thickness 
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Heading 

Dimension 

Meaning 

CP."  en 

FT 

Longest  Cap  Length 

KRWN 

MIL 

Total  Crown  Thickness 

CN 

- 

Number  of  Caps 

BLNWT 

LB 

Total  Balloon  Weight 

AWT 

LB 

Apex  Fitting  Weight 

BWT 

LB 

Base  Fitting  Weight 

In  Tables  HI  and  H2  the  payloads  and  altitudes  are  the  “ffective  design  pctnts 
associated  with  Eq.  (2),  Section  4. 
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Table  Hi.  Design  Point  Conditions  for  Balloon  Data  Base 


Model  No. 

Volume 

(flT) 

Payload 

<lbl 

Altitude 

(ft) 

SV-001A 

5033809 

531 

119170 

SV  -002 

2661178 

699 

106910 

SV-004 

30272377 

303 

161610 

SV-005 

10578059 

529 

135730 

SV-006 

26600000 

1309 

139430 

SV-007 

6677900 

4470 

97390 

SV-008 

8740000 

3841 

105430 

SV-009 

10578059 

853 

125050 

SV-010 

37736556 

435 

160930 

SV-011 

45380000 

580 

15553C 

SV-012 

21770000 

578 

147890 

SV  -014 

15600000 

917 

135270 

SV-015 

21680000 

1505 

136780 

SV-016A 

11620000 

331 

141850 

SV-017B 

5142712 

1331 

110110 

SV-018 

3 685 "88 

481 

125150 

SV-019 

5136000 

1620 

108970 

SV-020 

11617420 

850 

135270 

SV-021 

47815660 

265 

170010 

SV-022 

28604910 

1000 

152670 

Model  No. 

Volume 

(ft3) 

Payload 

(lb) 

Altitude 

(ft) 

LTV -001 

13486500 

565 

139830 

LTV -002 

4849664 

293 

131430 

LTV-003C 

2945571 

44.; 

111770 

LTV -005 

642729 

423 

94130 

LTV -006 

5033809 

444 

123070 

LTV-007 

2012003 

420 

108810 

LTV -008 

273600 

246 

86370 

LTV -009 

516000 

335 

92510 

LTV -01 0B 

859000 

389 

98970 

LTV -01 1A 

1840000 

351 

113890 

LTV -012 

4860000 

333 

127210 

LTV-013A 

2900135 

913 

107130 

LTV -01 4 

2003675 

2035 

88870 

I. TV-018 

355000 

575 

80210 

LTV -01 9 

628000 

643 

88310 

LTV -020 

145026 

254 

77490 

LTV-021 

264985 

255 

86790 

I.TV  022 

449183 

238 

96750 

LTV -f  23 

1575005 

231 

116250 

LTV -024 

1110000 

754 

95530 
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Table  H2 .  Design  Point  Conditions  for  Balloon  Data  Base 


Modal  No. 

Volume 

ttt7) 

Payload 

fib) 

Altitude 

(ft) 

Model  No. 

Volume 

ttt7) 

Payload 

fib) 

Altitude 

at) 

LTV -026 

2368062 

1507 

98790 

SV-518 

31650000 

618 

152520 

8P-001 

3016600 

531 

125410 

SV-517 

34090000 

2769 

133630 

SP-002 

12441783 

47 

162530 

SV-518 

34311500 

3478 

130030 

SP-003 

711460 

1632 

72650 

SV-519 

. 37780000 

837 

155310 

SV-500 

"6083893 

1964 

135970 

SV  -520 

36100000 

351 

157190 

SV-501 

27988324 

2623 

131140 

SV-521 

39590000 

4568 

128470 

SV-502 

29008952 

1561 

141210 

SV-523 

45840000 

1895 

146990 

SV-503 

33325200 

1424 

142060 

SV-524 

47012000 

2851 

139890 

SV-504 

25690000 

1339 

142010 

SV-525 

70700000 

1023 

163440 

SV-505 

25980000 

1814 

136530 

SV-527 

30500000 

1123 

144910 

SV-506 

28048674 

4066 

123430 

SV-528 

36700000 

647 

152850 

SV-507 

25840000 

319 

152210 

SV-529 

50310000 

1146 

153900 

SV -508 

28463000 

2589 

133890 

SV-530 

52600000 

1609 

150980 

SV-509 

30390000 

3690 

125780 

SV-531 

26400000 

1937 

135790 

SV-510 

3 1210000 

2156 

138450 

SV-532 

35850000 

513 

156890 

SV-S11 

31154700 

1175 

145860 

SV-533 

36360000 

919 

149750 

SV-512 

30820000 

862 

146610 

SV-535 

46090000 

1029 

152590 

SV-513 

33120000 

1770 

143  3  90 

SV-536 

30160000 

571 

160210 

SV-514 

31150000 

1013 

144190 

SV-522 

42500000 

3118 

133610 

SV -515 

33500000 

4492 

126860 

SV-526 

33100000 

2810 

133370 

SV-534 

33858500 

293 

158670 

116 

i 


«0O««O*O4|I« 

r4  ^  rH 

-4  "H  ^ 

HH  p4  «H 

p4 

nnrtnnn«n 

m  w  ia  ia  ia  4A  rt  rt 

rA  n  n  pi  f-*i  rt  pi  rt  4  pi 

m  m  m  m  ,  m  m  m  m  m 

nrtnrtnnrtHrtrt 

OiMOI  «©M«n  r- 

r->*'moo‘i'#<-4moo 

•«^^nOMAOQ 

Or<«ttHO«HO 

ommmmr*vo*oo 

4norn«*«h* 

h-ANOMOftmoi 

♦  •uMhomn'AO'* 

NnMflNN 

NP»4«N^rt4fNP4 

r«P4rt  P4r4NP4  4?lrt 

2  0  o  o  o  o 

O  O  m  O  O 

flu  iAh  mm 

< 


OOOOOOOO  OOOOOOOOOO 


mooomominoo  oooooOo^oo  flooooooooo  oooooooooo 
nn*inn  iflNNO  o  momoomoooo  oooooooooo  oooooooooo 

m  m  "-4  *-4  m  ■>— f-lr4H^n4HrHO|NH  *HpHp*4r^m-^p4^-^»-4 


Or-4-»r-.'y\inomom 

•^r^mr^vpooror^sflus 

«n  «n  -h  m  m  m  .0  o  m 


mrimmoooooo 

OOOOOOOOOO 

I  1  T  t  1  1  1  1  1  1 

mr^wrtooooo* 
r*»  r-  r*  ta  ti  •omr^r* 
»  l  I  \  t  »  I  »  1  l 

Z  X  X  Z  X  X 
mo 

O  «r  ®  O  O  n  -4  r-  r» 

-4  m  m  m  fN  m  <n  m 


•H  p*  r5  ve  C4 
•-4  *-s  *4  O  O 
OOOOO 
«  I  ♦  I  I 
o  m  r»  r»*  O 
ts  r-  r*  r*  r» 
*  l  l 
4.  vu 

x  z  z 


♦  o  so  r»  r»  a> 

H  H  H  M  O  H 
5P  3000 

1  I  •  ■  T  1 
r*  «  :*  vo  o  o 
t-*  r-  r*»  f*  r*»  t> 
lilt  t 

lit  ^1  U  Ck>  k 

1  E  t  X  X 


c*  ^  O  rn  0«c4iA«r 

N  OON  H  N  M  H  « 

3  OOO  030001 

»  III  T  HI  I 

N  m^O  IN^NHOf 


?????? 
n^mhon 
»**  r*  ^  •  r* 
1  l  1 

Cm  3 u  'M 

*  II 


itnm  ii1* 

OOOOOOOOOO 
OOOOOOOOOO 
♦  r-*-«oa»^^*oo 
-  n  m  m  m  m  m  ^ 


0nP*0  3  *MA  O  O  «  OO^m^OOOO1* 

O  O  O*  (N00*'^'0  r43H»  O*  ^ 

t  O'®  ■}  n  <e  »  o  *n  co  0  o'  m  m  m 

m  -*  m  ~i  «r  ~4  -h  »o  N 


I  IIIEXIIII  J  I  I 

OOOOOOOOOO  000 
Irt  330333303  o  m  o 

c*ommop»04*€»0  o  o  O 

r-‘H+r*'  +  ‘*+**r*r*('6  -<  *A  P 


•  00  wv 

t  «  m  h  w  <*  »r 


mo">om*'Nooo  oooooooooo  oooooooooo  oooooooooo 

i#7**^Nm33  OOOOOOOOOO  oooooooooo  oooooooooo 

Oir*I«"l*N03  •oooooooooo  oomooooooo  OOOOOOOOOO 

•  f-4Hi/><»A03  «3<nOO«3393  00-400000*00  OOOOOOOOOO 

«^«H9i5"4  9(gt  <*  v  o  » -4  t/t*~4000*<"400  o^oomoo'Ooo 

j»  3  -i  ^  7  <»  #  -n  n4  -4TO-4— 4ir*  ®  34r*Hift#3h  Ji 

'ION  or-  ?i  4A  ift  ^,n«‘544044«  -4»^>p»\#4»m0'0  3  «3I 

-4  No*o*mo*.N  f4r*-lom'nmmmm  mm-nmmo**<*r-m  ommc*r4'^^04,o 


